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The Blue Springs, located in the Little Colorado Gorge, represent 
virtually all the ground water discharged from the Paleozoic rocis in 


the 28,000 miz 


Black Mesa hydrologic basin. The springs discharge 

211 fete and are localized by: (1) zones of large permeability devel- 
oped in the Paleozoic section, and (2) the low topographic elevation of 
the floor of the canyon. The water discharged from the springs is a 
mixture of seventy-five percent cat+-ug*"-Hc04 water from the San Fran- 
cisco volcanic field, and twenty-five percent Nat-Mg**-c17-so,~ water 
from the eastern part of the Black Mesa hydrologic basin. 

Collapse breccia pipes in the vicinity of the Little Colorado 
Gorge result from solution and collapse in the Redwall Limestone, and 
their vertical propagation through the section is a function of: (1) 
the height of the original cavity, (2) the height of the potentiometric 
surface at the time-of pipe formation, (3) the solubility of the over- 
lying rock, and (4) the expandability of the overlying rock. Most 
pipe formation and mineralization in the area occurred during middle 
and late Cenozoic time, after emplacement of the monoclines and high 
angle normal faults, and before entrenchment of the Little Colorado 


River in the Paleozoic section. 
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CHAPTER I 


PURPOSE, METHODOLOGY, AND REGIONAL SETTING 


Purpose 


The purposes of this study are to: 

(1) identify the factors responsible for the locations and water 
qualities associated with the Blue Springs, 

(2) document the patterns of ground water circulation in the 
western part of the Black Mesa hydrologic basin, 

(3) identify the factors reponsible for the locations and vertical 
extent of collapse breccia pipes in the vicinity of the Little 
Colorado Gorge, and 

(4) review the history of Cenozoic collapse breccia pipe formation 
and ground water circulation in the western part of the Black 


Mesa hydrologic basin. 


Methodology 


An extensive field program was undertaken to identify and gauge 
the numerous springs collectively known as the Blue Springs. Most 
of the springs were sampled and their waters analyzed for major 
cations and anions. These data were used to identify the local 


controls on spring flow, temperature, and water quality. 
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A map of the potentiometric surface of the Coconino aquifer was 
developed from water levels in water wells, petroleum tests, and the 
elevations of the Blue Springs for the area outlined on Figure l. 
Water quality data were assembled from water wells developed in the 
Coconino aquifer for the same area. These data were used to deduce 
ground water circulation patterns and the sources and distribution 
of chemical constituents in the Coconino aquifer in the western part 
of the Black Mesa hydrologic basin. 

A detailed geologic map was prepared for the area outlined on 
Figure 1 using aerial photography and field mapping techniques. 
Regional tectonic and structure contour maps were prepared for the 
area outlined on Figure 1 using: 

(1) the detailed geologic map included in this report, 
(2) high altitude aerial photography, 
(3) previously published geologic maps, and 
(4) reported formation tops from well logs. 
These maps were used in conjunction with the potentiometric and 
water quality data to interpret the following: 
(1) the geologic and hydrologic controls on collapse breccia pipe 
formation, 
(2) the structural geologic controls on ground water circulation 
and mixing, 


(3) the sequence of geologic events in Cenozoic time which led to 
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Figure 1. Location of the study area in Arizona. 


the development of the present ground water circulation 


system. 


Geography 


The area shown on Figure 1 is located in a region of extensive 
plateaus dissected by deep steep walled canyons and capped by 
volcanic peaks. Elevations range from 2,712 ft above sea level at 
the confluence of the Little Colorado and Colorado rivers to 12,670 
ft at the summit of Mt. Humphries. The entire area is drained by 
the Little Colorado River. The perennial flow of the Little 
Colorado River is from the Blue Springs, which occur between 3.7 and 
20.9 mi above the confluence of the Little Colorado and Colorado 
rivers. 

Climate varies from arid to humid depending on elevation and 
local orographic effects. The Little Colorado Gorge receives less 
than 8 in of annual precipitation, the Painted Desert less than 6 
in, and higher elevations in the San Francisco Peaks more than 35 in 
(U. S. Weather Bureau Water Forecasting Unit, undated). Mean annual 
temperature is also a function of elevation and ranges from greater 
than 58° F in the Little Colorado Gorge to less than 46° F in the 
San Francisco Peaks (Cooley and others, 1969). 

Vegetation, (Hicks in Cooley and others, 1969) varies with ele- 
vation and can be divided into three zones: 


(1) grass-shrub below 5,500 ft, 


(2) pinyon-juniper from 5,500 to 7,500 ft, and 


(3) pine forest above 7,500 ft. 


Geologic Setting 


A 3,900 ft thick sequence of Paleozoic and Mesozoic rocks is 
exposed in the vicinity of Little Colorado Gorge and summarized on 
Figure 2. Correlations of Paleozoic rocks exposed in the Little 
Colorado Gorge with those present in the western part of the Black 
Mesa hydrologic basin are shown on Figure 3. Stratigraphic 
nomenclature conforms to Blakey (1979), McKee (1933, 1938, 1954), 
McKee and Gutschick (1969), McKee and Resser (1945), Noble (1922), 


Ransome (1916), Souraf (1962), and Stoyanow (1936). 


Hydrogeologic Setting 


2 of the 28,000 mi? Black 


The study area encompasses 4,500 mi 
Mesa hydrologic basin as shown on Figure 4. The Black Mesa hydrolo- 
gic basin is the largest in the Colorado Plateau (Cooley and others, 
1969), has an elliptical shape with a northwest trend, and extends 
from New Mexico to the Grand Canyon. The structural relief in the 
basin is 7,500+ 1,000 ft between the confluence of the Little 
Colorado and Colorado rivers and the structural center of the basin, 
which is located north of Oraibi, Arizona, 60 mi to the east. The 


major structural features are labeled on Plate I. 


The hydraulic conductivities and hydrologic roles of Paleozoic 
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Figure 2. Generalized lithology, thickness, and age of Paleozoic and 
Mesozoic rocks exposed in the vicinity of the Little Colorado 
Gorge, Coconino County, Arizona. The first name in the refer- 
ence column is the worker who first named and defined the 
unit, the names which follow are workers who named and defined 
the selected members, and whose lithologic descriptions were 
used. 
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Figure 3. Correlations of Paleozoic rocks exposed in the Little Colo- 
rado Gorge with those present in the western part of the 
Black Mesa hydrologic basin, Coconino County, Arizona. 
Location of well 24 is shown on Figure 4. 
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Figure 4. Location of the study area in the Black Mesa hydrologic basin, 
Arizona and New Mexico. 


rocks exposed in the Little Colorado Gorge are summarized on Figure 
5. Most of the water wells developed in the Paleozoic rocks in the 
western part of the Black Mesa hydrologic basin produce from the 
Coconino Sandstone and Schnebly Hill Formation of the Coconino 
aquifer. However, these rocks are not saturated and do not yield 
water in the Little Colorado Gorge. The Esplanade, Redwall and 
Tapeats aquifers were defined on the basis of their water bearing 
characteristics in the vicinity of the Little Colorado Gorge. All 
of the spring flow in the Little Colorado Gorge is from these three 


aquifers. 


Relative Importance of Geologic Factors on Hydraulic Conductivity 
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Figure 5. Qualitative assessment of geologic factors used to determine the hydrologic role of Paleozoic 
rocks exposed in the Little Colorado Gorge, Coconino County, Arizona. The amount of black 
indicates the relative importance of that particular geologic factor on hydraulic conductivity 
within the section. 
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CHAPTER II 


GEOLOGIC STRUCTURE 


The purpose of this chapter is to discuss the geologic struc- 
tures which are exposed in the western part of the Black Mesa 
hydrlogic basin. This information will provide the necessary 
background for subsequent discussions of: 

(1) the history of ground water circulation in the western part 
of the Black Mesa hydrologic basin, 

(2) structural control of regional ground water eivcolation, 

(3) geologic control of spring locations, and 


(4) structural control of local and regional water quality. 


Structural Setting 

The western part of the Black Mesa hydrologic basin is charac- 
terized by a structural surface which, as shown by the elevations 
of the top of the Kaibab Formation on Plate II, slopes 125 ft/mi, or 
1.4° to the east in the northern part of the area, and 85 ft/mi, or 
1° to the northeast in the southern part of the area. This struc- 
tural surface is folded by two broad uplifts, the Gray Mountain 
uplift and the Echo Cliffs uplift, which are respectively bounded on 


their northeast sides by the East Kaibab and Echo Cliffs monoclines, 
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as shown on Plates I and II. The former has 2,000 ft and the latter 
3,000 ft of structural offset, down to the east. Sub-parallel to 
these two monoclines are two smaller folds, the Blue Springs 
monocline, which has 250 ft of structural offset down to the east, 
and the Echo Cliffs anticline, which has 400 ft of structural clo- 
sure, as shown on Plates I and II. These two smaller folds are also 
asymetric to the east. Superimposed on the region are numerous high 
angle normal faults. These faults have northwest, north, and 
northeast trends, and structural offsets of up to 360 ft. Collapse 


breccia pipes and silica plugs are also exposed in the area. 


Monoclines 
The East Kaibab monocline was first studied by Walcott (1890) 

who concluded that the monocline resulted from reactivation of ver- 
tical Precambrian faults during Tertiary time. According to Walcott 
(1890), during Precambrian time these faults had opposite throw, 
down to the west. Reches (1978) examined the monocline where it is 
exposed in Palisades Creek, approximately 3.5 mi south of Cape 
Solitude, see Plate I, and described three deformation horizons 
which are as follows: 

(1) a lower level characterized by a vertical fault and a tight 

syncline, 
(2) a transitional level characterized by a tight monocline, and 


(3) an upper level characterized by an open monocline. 
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Work by Noble (1914), Maxson (1961), Huntoon (1971), and Huntoon and 
Sears (1975) on the East Kaibab and other monoclines exposed in the 
Grand Canyon shows that the underlying faults are reverse. The dips 
of the reverse faults, according to Huntoon (1981b), are usually 
greater than 60°. 

The Blue Springs monocline, first observed by Reiche (1937), 
and named by Billingsley (in prog.), has dips which range from 2° to 
6°, as shown on Plate III. The monocline intersects the Little 
Colorado Gorge at two locations; however, no underlying fault is 
exposed. Based on its similar structural style, orientation, and 
proximity to the East Kaibab monocline, the Blue Springs monocline 
is assumed to be underlain by a west dipping high angle reverse 
fault. 

The East Kaibab monocline, shown on Plate I, is comprised of a 
set of sinuous, branching monoclines, which have been subdivided 
into segments by Babenroth and Strahler (1945). Huntoon (1974a, 
1981b), Luchitta (1974), and Davis (1978) have concluded that pre- 
ferential reactivation of pre-existing zones of weakness in the 
Precambrian basement has resulted in the sinuous trends of monocli- 
nes in the Colorado Plateau. 

Davis (1978) stated that the northwest trending monoclines 
were emplaced by northeastward directed compression. Work by Reches 


and Johnson (1978), and Huntoon (1981b) in the vicinity of the Grand 
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Canyon confirms the northeast strike of the principal stress axis. 
According to Huntoon (1981b), horizontal compression has resulted in 
vertical movement along reverse faults and emplacement of the Grand 


Canyon monoclines in the overlying sediments. 


High Angle Normal Faults and Related Structures 


The excellent exposures of high angle normal faults in the 
walls of the Little Colorado Gorge show that these structures dip 
from 60° to vertical. Most of the faults dip at angles greater than 
70°. The most extensive and well exposed of these is the Blue 
Springs fault, which was first named by Cooley (1976). The Blue 
Springs fault can be mapped for 7.5 mi and intersects the canyon 
floor at six locations, as shown on Plates I and III. At its 
southern end the fault intersects the Blue Springs monocline at an 
angle of 20°. The structural offset on the Blue Springs fault is 
down 80 to 100 ft to the west, opposite in throw to the monocline. 

Antithetic faults are associated with the Blue Springs fault. 
These structures dip from 57° to 60° in contrast to the Blue Springs 
fault, which has a vertical dip. Antithetic faults associated with 
the Blue Springs fault usually are developed in the Supai Group. 
Antithetic faults in the vicinity of the Little Colorado Gorge 
result in the development of grabens, and the vertical attenuation 
of displacement. 


Other extensional structures associated with the high angle 
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normal faults include joints and earth cracks. Earth cracks consist 
of open fissures, surface collapse, and sink holes developed along 
fault zones and joints in the Permian section. These features have 
been identified in the Wupatki area by Gilbert (1895), Colton (1938) 
and Lamar (1964). Huntoon (1965) reports that the largest earth 
cracks in the Wupatki area are 20 ft wide and 500 ft deep, and 
according to Bridgeman and others (1976) they extend downward 265 ft 
into the Coconino Sandstone. The Wupatki earth cracks have been 
explored and mapped by Bridgeman and others (1976) who found no 
solutional passages. 

Work by Bucher (1920) and Hubbard (1951) predicts that the dips 
on normal faults which are emplaced in extensional stress fields 
should approximate 60°. The steepening of dips associated with the 
normal faults observed in the Little Colorado Gorge results from 
anisotropy associated with pre-existing vertical joints. The predo- 
minance of northern trends to high angle normal faults in the area 
indicates that these structures were emplaced by an east-west 


directed extensional stress field. 
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Hydrogeologic Control of Collapse Breccia Pipe Formation 


The purpose of this section is to discuss the geologic and 
hydrologic controls on the formation of collapse breccia pipes in 
the western part of the Black Mesa hydrologic basin. These features 
are the result of the collapse of solution cavities in the Redwall 
Limestone, and their upward propigation in the section is a function 
of: 

(1) height of the original cavity, 

(2) height of the potentiometric surface at the time of pipe 

formation, 

(3) solubility of the rock that overlies the cavity, and 

(4) expandability of the rock which collapses into the cavity. 
It will be shown that pipes which are forming today do not reach the 
land surface, and that those pipes which are exposed at the land 
surface developed when the potentiometric surface was above its pre- 
sent position. 

Numerous collapse structures are exposed and are located on 
Plate III. These features are readily identified on the ground or 
from aerial photography using the following criteria: 

(1) a distinctive radial pattern of inward dipping beds, and/or 
(2) a core of breccia derived from overlying and adjacent strata. 
The diameters of most exposed pipes range from a few tens of feet to 


a few hundred feet. Shadow Mountain pipe, shown on Plate I, is the 
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largest exposed pipe in the area, and has a diameter of almost one 
mile (Barrington and Kerr, 1963). East and west pipes, as shown on 
Plates I and III, are located on the Blue Springs monocline and have 
diameters in excess of 2,000 ft. 

Breccia pipes in the vicinity of the Grand Canyon were first 
interpreted as volcanic features by Kofford (1956), Gabelman and 
Boyer (1958), and Chenoweth and Blakemore (1961). These features 
are now recognized as solution collapse structures by Barrington and 
Kerr (1963), Bowles (1965), Gornitz and Kerr (1970), and Hoffman 
(1977). Evidence which supports the solution and collapse origin 
includes: 

(1) dips of the wall rocks are inward (Barrington and Kerr, 1963), 

(2) clasts are always from overlying and adjacent strata 
(Barrington and Kerr, 1963; Kofford, 1969; Hoffman, 1977), 

(3) breccia is stratified within the pipes in normal succession 
(Hoffman, 1977), 

(4) pipes tend to increase in diameter downward (Hoffman, 1977), 

(5) geologic maps by Huntoon and others (1980), Huntoon and 
Billingsley (1981, 1982), and Billingsley and Huntoon (1983) 
show no pipes that are exposed below the Redwall Limestone, 
and 

(6) the Orphan pipe was drilled and found to bottom 300 ft below 


the top of the Redwall Limestone (Kofford, 1969). 


18 


According to Barrington and Kerr (1963), breccia pipes stope 
upward through the solutional removal of soluble wall rock and brec- 
cia. Two common shapes that result from this process are the 
cylinder, shown on Figure 6, and the inverted cone, shown on 
Figure 7. Barrington and Kerr (1963) also concluded that the 
mineralization and alteration of the Little Colorado pipes occurred 
soon after collapse and brecciation. Furthermore, Barrington and 
Kerr (1963) found that mineralization and alteration resulted from 
upward ground water flow. 

The maximum vertical extent of a breccia pipe can be estimated 


from the following equation developed by Isaacson (personal commun.): 


a 
y 2 Oe 2 we (1) 
rs 
where, 
hy = total height of the pipe, measured from the base of the 
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Figure 7. Inverted cone shaped collapse breccia pipe exposed in Pern- 
ian rocks on the north wall of the Little Colorado Gorge, 
Coconino County, Arizona. Pipe is located approximately 
39.6 mi upstream from the confluence of the Little Colorado 
and Colorado rivers. 
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ns = total amount of nonsoluble material in rock that 


overlies the original void, 


a7, 


amen "ae A? 
a 
where, 
e = expandability of the rock which collapses into 


the cavity, 


h = height of the original dry void, and 
hy = height of overlying rock that expands to fill the dry 
void. 


Assumptions built into equation (1) are as follows: 

(1) hy is greater than h,,, 

(2) h,, is constant during the time of pipe formation, 

(3) a is constant for all rock that overlies the original void, 

(4) all of the soluble rock that falls below the water level is 
dissolved, 

(5) e is constant for all rock that overlies the original void, 

(6) e for rock that undergoes dissolution is equal to e for rock 
that does not undergo dissolution. 

The height of the original void, hy» and the height of the 
water level, h,,, are measured from the top of the Whitmore Wash 
Member, 370 ft below the top of the Redwall Limestone. The minimum 
value of h,, is 0 ft, whereas the maximum value of h,, is 1,770 ft. 


The value of the solubility factor, a, was estimated to be 0.2 from 


22 


stratigraphic work by McKee (1933, 1938, 1954, 1979a, 1979b), and 
Rawson and Turner (1974). The expansion factor, e, is equivalent to 
the swell factor used by mining engineers, which according to Adler 
and Naumann (1970) ranges between 1.35 and 1.54 for sandstones. 
Equation (1) can be used to determine the vertical extent of 
pipes that are forming today, assuming h, = 370 ft, a = 0.2, and e = 
1.44. Where ha = 0 ft the upper three members of the Redwall 
Limestone are unsaturated and hy = 1,200 ft, which predicts that 


these pipes extend only to the lower part of the Coconino Sandstone. 


Where hi, = 1,770 ft h, = 2,200 ft, which predicts that those pipes 


P 
extend only to the middle part of the Kaibab Formation. In conclu- 
sion, no pipes forming today reach the land surface, and those pipes 


which are exposed at the land surface formed when the potentiometric 


surface was above its present position. 


Silica Plugs 
Silica plugs, which differ from collapse breccia pipes, also 

occur in the area. Silica plugs, as recognized by Barrington and 
Kerr (1963), have the following characteristics: 

(1) cores that are well cemented by silica, 

(2) cores that are composed of unsorted, coarse, fragmental 

material, 
(3) mineralization that includes pyrite, anhydrite, uraniun, 


malachite, and azurite, 


(4) a halo of altered wall rock, 
(5) contacts with wall rocks that are sharp, vertical, and pipelike, 
(6) cores that crop out in the Moenkopi Formation, and 
(7) diameters that range from 50 to 400 ft. 
These features are resistant to erosion and stand above the 
surrounding topography. 

In all but three plugs examined by Barrington and Kerr (1963), 
the wall rocks were undisturbed. The three exceptions include one 
plug with downturned wall rock, and two with upturned wall rock. 

The upturned wall rock of one plug, according to Barrington and Kerr 
(1963), was “warped slightly”, whereas the other was “warped upward 
until vertical”. I did not verify either of these observations. 

The plug with the vertical wall rock also contained siliceous 

chips from the upper part of the Kaibab Formation, which indicated 
to Barrington and Kerr (1963) that this plug formed by the upward 
movement of material. 

Silica plugs are considered to be different from collapse brec- 
cia pipes, because of the silicified cores which are more resistant 
to erosion, the lack of inward dipping wall rock and most important, 
the apparent upward transport of rock. However, the only material 
identified by Barrington and Kerr (1963) as from a stratigraphic 
unit below the plugs are the chips of siliceous limestone from the 


upper part of the Kaibab Formation. The presence of these Kaibab 


24 


chips may not conclusively document upward transport, because near 
Cameron: 
(1) the Shinarump Member commonly contains chert pebbles which 
contain Kaibab fossils (McKee, 1937; Akers and others, 1962), 
(2) the Shinarump Member commonly contains silicified limestone 
pebbles (Akers and others, 1962), and 
(3) the Chinle Formation contains beds of siliceous limestone 
(Gregory, 1917). 
In addition, the other pebbles contained in the plugs were iden- 
tified by Barrington and Kerr (1963) as derived from the overlying 
Shinarump Member, and all of the plugs examined by Billingsley 
(personal commun.) contain material derived exclusively from 
overlying and adjacent strata. Furthermore, according to Barrington 
and Kerr (1963), "...there is no direct evidence of igneous activity 
associated with the plugs,..." which could be invoked as a mechanism 


for upward transport of material. 


CHAPTER III 


STRUCTURAL CONTROL OF REGIONAL GROUND WATER FLOW 


The purpose of this chapter is to discuss the mechanics of 
ground water circulation in the western part of the Black Mesa 
hydrologic basin. 

It will be shown that: 
(1) ground water flow in the Paleozoic aquifers converges on 
the Blue Springs, 
(2) fractures associated with fault zones exert a strong 
local and regional control on ground water flow paths, 
(3) the Gray Mountain uplift is a barrier to westward ground 
water flow. 

The locations of 104 water wells developed in the Coconino and 
Redwall aquifers are shown on Plate IV. Water levels for these 
wells are listed on Appendix A and the potentiometric surface is 
contoured on Plate V. Five salient facts about regional ground 
water flow can be deduced from Plate V: 

(1) the regional ground water divide is located approximately 
5 mi south of Flagstaff, 


(2) ground water flow in the Black Mesa hydrologic basin 


converges on the Blue Springs, 

(3) the potentiometric surface in the Coconino aquifer in the 
vicinity of Cameron and Gray Mountain is continuous with the 
potentiometric surface associated with the Esplanade and 
Redwall aquifers at the Blue Springs (Cooley, 1963), 

(4) ground water flow paths show convergence on fault zones 
in the Wupatki National Monument - Gray Mountain area, and 

(5) there is a decrease in hydraulic gradient in the Wupatki 


National Monument - Gray Mountain area. 


Recharge 

Ground water moves from areas of high hydraulic head to areas 
of low hydraulic head. As shown on Plate V, the highest hydraulic 
head in the area is located in the San Francisco volcanic field. 
According to Cooley and others (1969) recharge to the Paleozoic 
aquifers in the western part of the Black Mesa hydrologic basin is 
mostly via fractures. Cosner (1962) and Christensen (1982) 
concluded that the San Francisco volcanic field is an area of 
recharge because of the abundant annual precipitation and the large 
permeability imparted to the rocks by faults and fractures asso- 
ciated with emplacement of the volcanics. In one specific case, 
Akers (1962) reports that Lake Mary, located south of Flagstaff, 
loses large volumes of water to the faults and joints which underlie 


the lake. 
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Discharge 

As shown on Plate V, the lowest hydraulic heads in the area are 
those of the Blue Springs in the Little Colorado Gorge, and are 
equal to or slightly greater than the elevation of the river. The 
Blue Springs are located in the Little Colorado Gorge because the 
canyon provides the lowest topographic exposures of the Coconino, 
Esplanade and Redwall aquifers. These springs are the primary 
discharge point for most of the ground water in the Paleozoic rocks 
in the Black Mesa hydrologic basin (Cooley, 1963). 

According to Cooley and others (1969), ninety-five percent of 
the water discharged from the Esplanade and Redwall aquifers at the 
Blue Springs is derived from the Coconino aquifer. Furthermore, 
Cooley (1963) reports that the Coconino aquifer is unsaturated west 
of Cameron in the vicinity of the Little Colorado Gorge. As shown 
on Plates II and V, the regional dip west of Cameron is to the east 
and the hydraulic gradient is to the west. Here, water moves from 
the Coconino aquifer, via fractures, through the confining beds 
of the Hermit Shale and the lower part of the Supai Group, into 
solution cavities developed in the Mississippian and older car- 


bonates of the Redwall aquifer. 
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Ground Water Circulation to and in Fractures 

Akers (1962) reports that where the Coconino aquifer is inten- 
sely fractured in association with major faults in the Lake Mary 
area, transmissivities are 10 to 50 times greater than where the 
Coconino aquifer is not fractured. As shown on Plates I and V, in 
the Wupatki National Monument - Gray Mountain area, large 
transmissivities associated with fault zones result in a decrease in 
the hydraulic gradient and a convergence of flow on the highly 
transmissive fault zones. The decrease in hydraulic gradient 


demonstrates a significant increase in hydraulic conductivity. 


Ground Water Flow Around the Gray Mountain Uplift 

If ground water flow paths on the up-dip side of the Black 
Point segment were projected northwestward from the Wupatki National 
Monument - Gray Mountain area directly to the Blue Springs, the flow 
of ground water could pass directly under the Gray Mountain uplift. 
However, as shown on Figure 8 the structural relief across the Gray 
Mountain uplift is sufficient to elevate the rocks of the Coconino, 
Esplanade and Redwall aquifers above the zone of saturation. The 
interpretation of ground water flow shown on Figure 9, agrees with 
Metzger (1961) and Cooley (1976) who concluded that ground water 
flow to the Blue Springs is around the Gray Mountain Uplift, along 
an intensely fractured zone located on the down-dip side of the 


Coconino Point segment of the East Kaibab monocline. 


Figure 8. 
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Geologic section in the vicinity of the Gray Mountain uplift showing the potentiometric surface, 
Coconino County, Arizona. Ptk = Toroweap and Kaibab formations; Phc = Hermit Shale and Coco- 
nino Sandstone; PPs = Supai Group; €DMc = Muav Limestone, Undifferentiated Cambrian, Temple 
Butte Limestone, and Redwall Limestone; €ba = Bright Angel Shale; €t = Tapeats Sandstone; p€ = 
Precambrian, undivided. High angle normal faults on Gray Mountain uplift may be listric and 


may not extend below the Bright Angel Shale. Location of section is shown on Plate I. 
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Figure 9. Idealized ground water flow paths in the Paleozoic aquifers 
in the western part of the Black Mesa hydrologic basin, 
Coconino County, Arizona. 


CHAPTER IV 


HISTORY OF CENOZOIC TECTONISM, EROSION, AND GROUND WATER CIRCULATION 


The purpose of this chapter is to review the tectonic and ero- 
sional events that led to the development of the present ground 
water circulation system in the western part of the Black Mesa 
hydrologic basin. The geologic time scale of Van Evsinga (1978) will 


be used in this discussion. 


Tectonic History 

The objective of this section is to establish the sequence of 
tectonic events which have affected the western part of the Black 
Mesa hydrologic basin from late Cretaceous through Recent time. 
Initial uplift and tilting of the Colorado Plateau was accompanied 
by Laramide compression and emplacement of the uplifts and monocli- 
nes during late Cretaceous and early Tertiary time. A second period 
of uplift during middle and late Tertiary time was accompanied by 
extension and emplacement of the high angle normal faults. 

Pierce and others (1979) and McGetchin and others (1980) 
concluded that northeast regional tilting began prior to the maximum 
marine transgression during Turonian time, 88 m.y. bep-. Epeiro- 


genic uplift of the Colorado Plateau, according to Damon (1971), 
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began in Santonian time, 78 m.y. b-p- and continued until middle 
Eocene time, 48 m.y. b.p.. Damon (1971) reports that maximum uplift 
of the Colorado Plateau was 4,500 ft by middle Eocene time. 
According to Young (1979), regional uplift was contemporaneous with 
Laramide tectonism and additional northeast regional tilting. Late 
Eocene erosion then lowered the topography to 3,200 ft according to 
Damon (1971). 

Damon (1971) reports that an additional 3,500 ft of epeirogenic 
uplift of the Colorado Plateau occurred during Oligocene and Miocene 
time and resulted in a maximum average elevation of 7,700 ft. The 
resumption of uplift resulted in an Oligocene base level change, as 
reported by Pierce and others (1979). McGetchin and others (1980) 
concluded that most of this uplift, 3,200 ft, occurred from 18 to 10 
m.y- bep. during early and middle Miocene time. According to Hunt 
(1956), the Colorado Plateau became a distinct structural unit as a 
result of Miocene uplift. Work by Luchitta (1979) has shown that at 
the end of Basin and Range faulting, which began 17 m.y. bp. and 
ended 8 m.y. b.p. there was 3,500 ft of topographic relief between 
the Colorado Plateau and the adjacent basins in the Lake Meade area. 
Furthermore, Luchitta (1979) documents another 2,800 ft of epeiroge- 
nic uplift in this area since the beginning of Pliocene time, 5 m.y. 
b.p.. 


Babenroth and Strahler (1945) concluded that the East Kaibab 
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monocline is Laramide, an age that has also been applied to the Echo 
Cliffs monocline by Kelley (1955), and the Black Mesa basin by 
Kelley and Clinton (1960). The age of the Blue Springs monocline is 
not known, however it too is assumed to be Laramide, because of its 
structural similarity to the East Kaibab and Echo Cliffs monoclines. 
Kelley (1955) concluded that the Colorado Plateau monoclines were 
emplaced by regional compression. 

According to Huntoon (1976) extension followed Laramide 
compression and resulted in the emplacement of the high angle normal 
faults. It is clear that the high angle normal faults are younger 
than the monoclines, because, as shown on Plates I, II, and III, the 
monoclines are faulted by high angle normal faults, whereas the 
faults are not folded by the monoclines. 

Babenroth and Strahler (1945) have shown that faulting both 
pre-dates and post-dates the San Francisco Peaks volcanism. 
Furthermore, Eastwood (1974) concluded that emplacement of the nor- 
mal faults preceded extrusion of the relatively uncontaminated 
mantle derived olivine-basalts of the San Francisco volcanic field. 
According to Damon and others (1974), the oldest K-Ar date available 
for the San Francisco volcanics is 9.4 m.y. for the basalts that cap 
Red Butte. Therefore, extensional faulting in the western part of 
the Black Mesa hydrologic basin began prior to 9.4 m.y. b.p.. 


Furthermore, emplacement of the high angle normal faults began prior 
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to the erosional removal of Mesozoic strata. For example, Gold 
Hill, shown on Plate III, consists of Triassic rock bounded by obse- 
quent fault line scarps (Babenroth and Strahler, 1945). 

The most recent faulting has been documented by Reiche (1937), 
who found that some Quaternary gravels near Cameron, and the Tappan 
flow, dated by Damon and others (1974) at 0.5 m.y. have been 
faulted. The continuation of tectonic activity is evidenced by 
earthquakes recorded in the vicinity of Coconino Point and Shadow 


Mountain (Sturgil and Irwin, 1971). 


Erosion History 


The objective of this section is to review the late Cenozoic 
erosional setae of the area and to show that Paleozoic rocks have 
been exposed in the lower part of the Little Colorado Gorge since 
middle Miocene time. This information in conjunction with the pre- 
viously discussed tectonic history will set the stage for the sub- 
sequent discussion of the history of collapse breccia pipe formation 
and ground water circulation. 

Erosion in the Little Colorado Valley, according to Cooley and 
others (1969), was continuous since the initial uplift of the 
Colorado Plateau in late Cretaceous time. At this time regional 
drainage, according to Hunt (1956), was to the northeast. The early 
Colorado River system, according to Cooley and Akers (1961), flowed 


westward on the Valencia surface, in the general area of the present 
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Little Colorado Valley. Remnants of the Valencia surface are pre- 
served at Red Butte and on the summits of Black Mesa and the 
Kaiparowits Plateau (Cooley and others, 1969). 

Work by Childs (1948), Cooley and others (1969), Sutton (1974), 
Damon and others (1974), and Rice (1980) demonstrates that the lower 
part of the Little Colorado River became entrenched in the Paleozoic 
section beginning in middle Miocene time, 10 to 15 m.y. bep.. 
According to Sutton (1974): 

(1) before deposition of the lacustrine Bidahochi Formation began 
in middle Miocene time (Lance, 1954), the Little Colorado 
and Colorado rivers were already integrated, and 

(2) during deposition of the Bidahochi Formation, the Little 
Colorado River was flowing in approximately its present 
position. 

Childs (1948) concluded that during the Black Point erosion cycle, 
which began at the end of Bidahochi deposition (Damon and others, 
1974), the lower part of the Little Colorado River was already 
flowing through a deep gorge in the Marble Platform. Work by Damon 
and others (1974) supports Childs (1948), and shows that: 

(1) most of the erosion of the Little Colorado valley occurred 
before deposition of the Bidahochi Formation, and 

(2) only 800 ft of downcutting has occurred in the Little 


Colorado Gorge since the start of the Black Point erosion 
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cycle, 2.4 m.y. before present. 

Damon and others (1974) and Rice (1980) have calculated an 
average erosion rate for the Little Colorado River in the vicinity 
of Cameron, of 312 ft/m.y.. At present, the confluence of the Little 
Colorado and Colorado rivers is approximately 3,400 ft below the top 
of the Kaibab Formation. Therefore, at an average erosion rate of 
312 ft/m.y., the Little Colorado River would have taken approxima- 
tely 11 m.y. to cut 3,400 ft below the Kaibab Formation. I conclude 
that entrenchment of the lower part of the Little Colorado River in 
the Paleozoic section began in middle Miocene time, prior to the 
start of the Black Point erosion cycle, and prior to Bidahochi depo- 


sition. 


Timing of Collapse Breccia Pipe Formation 


The purpose of this section is to establish the timing of 
collapse breccia pipe formation. Most collapse breccia pipes 
exposed at the land surface in the vicinity of the Little Colorado 
Gorge are related to a modern system of caves which developed in the 
Redwall Limestone. These pipes formed and were mineralized after 
emplacement of the monoclines and high angle normal faults but 
before entrenchment of the Little Colorado River in the Paleozoic 
section. 


Two types of caves occur in the Redwall Limestone, an extensive 
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paleokarst that dates from Pennsylvanian time, and a modern systen. 
The older caves formed before deposition of the Pennsylvanian 
Watahomigi Formation (Bryan, 1936) when the exposed upper part of 
the Redwall Limestone was extensively karstified (McKee and 
Gutschick, 1969). The younger caves developed along joints and 
faults (Lange, 1956; Huntoon, 1974, 1981) in response to the 
establishment of Cenozoic ground water systems that both pre-date 
and post-date erosion of the Grand Canyon. Pipes that develop from 
pre-Watahomigi caves have a random distribution, whereas those asso- 
ciated with the younger caves usually exhibit controls associated 
with Laramide and post-Laramide tectonic structures. 
It is quite clear from the distribution of pipes shown on Plate 
III that most of the Little Colorado pipes are related to a modern 
system of caves. Evidence which indicates that the pipes are 
post-Laramide is as follows: 
(1) few pipes which formed on the up-dip side of the East 
Kaibab monocline reached the top of the Kaibab Formation, 
and 
(2) many pipes are located on, but not folded by the Blue Springs 
monocline. 
If the Little Colorado pipes formed before emplacement of the East 
Kaibab monocline, then these features should be exposed in equal 


numbers on both sides of this structure. However, as shown in Plate 


38 


III, by Huntoon and others (1980), and by Billingsley and others (in 
prog-), pipes are most numerous on the down-dip side. If equation 


(1) is solved for hoy: 
_ en a _ - 
Hy ey Cle = 1) fh, 28); (4) 


then the minimum value of hoy that will allow pipe growth to reach 
the top of the Kaibab Formation is 2,040 ft. It is assumed that 
pipes were forming at the same time on both sides of the monocline, 
however, h,, was less than 2,040 ft on the up-dip side of the East 
Kaibab monocline so very few of those pipes reached the top of the 
Kaibab Formation. 

The localization of pipes on the Blue Springs monocline, as 
shown on Plate III, indicates that these pipes could be as old as 
late-Eocene. However, no pipe has been found which has been faulted 
by a high angle normal fault. Therefore, most of the pipes are 
Miocene and younger. Furthermore, the pipes are older than the 
Little Colorado Gorge, because the mineralization and alteration 
associated with the pipes, and reported by Barrington and Kerr 
(1963), extends 2,000 ft above the present position of the poten- 
tiometric surface. 

With the exception of the numerous pipes located along the Blue 
Springs monocline, few pipes are actually localized on faults. 
However, as shown on Plate III, approximately eighty percent of all 


pipes are located in a 3 to 6 mi wide band that is bounded on the 
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southwest by the synclinal axis of the East Kaibab monocline, and on 
the northeast by the upthrown block of the Blue Springs fault, or 
coincident with the synclinal axis of the Blue Springs monocline. 

As shown on Plates I, II, and III, this band is characterized by 
extensional faults. I conclude that the localization of pipes in 
this area indicates that the extensional faulting of the carbonate 
section has directly enhanced permeabilities leading to solutional 
removal of carbonates at the level of the Redwall aquifer, and to 


pipe development in the overlying section. 


History of Late Cenozoic Ground Water Circulation 

The objective of this section is to discuss the late Cenozoic 
history of ground water circulation in the western part of the Black 
Mesa hydrologic basin. It will be shown that the present ground 
water circulation system has drained to the Little Colorado Gorge at 
least since erosion exposed the Kaibab Formation in middle Miocene 
time. 

The localization and preferential enlargement of pipes along 
the Blue Springs monocline indicate that fracture controlled ground 
water circulation began subsequent to the emplacement of the 
monocline. Based on observations of alteration and mineralization 
in adjacent wall rock at the level of the Shinarump member of the 
Chinle Formation reported by Barrington and Kerr (1963), at the time 


mineralization occurred: 
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(1) the potentiometric surface was at the level of the Shinarump 
member of the Chinle Formation, a minimum of 2,000 ft above its 
present location, and 

(2) the Coconino aquifer was saturated and under artesian 
conditions. 

Before erosion stripped the confining Mesozoic strata from 
the top of the Kaibab Formation, discharge was limited to locations 
where zones of large vertical permeability in the Mesozoic section 
provided hydraulic connection between the Paleozoic aquifers and the 
land surface. In the vicinity of the Little Colorado Gorge, 
collapse breccia pipes could have been the sites of such springs if 
the pipes were exposed at the land surface. 

In order to determine whether the Little Colorado pipes 
discharged water to the land surface, the height of the poten- 
tiometric surface prior to exposure of Paleozoic rocks must be 
determined. The mineralization reported by Barrington and Kerr 
(1963) occurs at 5,400 ft above sea level. This is the minimum ele- 
vation of the potentiometric surface at the time of mineralization, 
because the maximum vertical extent of mineralization and of the 
pipes themselves, has been removed by erosion. However, the maximum 
elevation of the potentiometric surface at the time of mineraliza- 
tion can be calculated. First, it is known from equation (4) that 


Rea at the time of pipe formation was less than 2,040 ft on the up- 


4) 


dip side of the East Kaibab monocline. Second, it is known from 
Plate II and Figure 2 that the structural elevation of the top of 
the Whitmore Wash Member is 4,230 ft above sea level on the up-dip 
side of Waterloo Hill segment. Hence, the elevation of the poten- 
tiometric surface at the time of pipe formation in the vicinity of 
the Little Colorado Gorge was less than 6,270 ft above sea level. 

Therefore, it is possible that the Little Colorado pipes 
discharged water to the land surface, because, as shown on Plate II, 
the structural elevation of the Kaibab Formation is 6,000 ft above 
sea level in the northwest part of the area. No travertine deposits 
have been found in association with the Little Colorado pipes to 
conclusively prove this hypothesis. 

The tectonic, erosional, and hydrogeologic events which led to 
the development of the present ground water circulation system in 
the western part of the Black Mesa hydrologic basin are summarized 
as follows: 

(1) inherited Redwall paleokarst and collapse breccia pipes 
of Paleozoic and Mesozoic age, 

(2) northeast tilting of the Colorado Plateau during late 
Cretaceous time, 

(3) uplift of the Colorado Plateau, and emplacement of Laramide 
folds during late Cretaceous and early Tertiary time, 


(4) establishment of northeastward flowing surface drainage, 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 
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renewed uplift of the Colorado Plateau during 

Oligocene and Miocene time, 

beginning of high angle normal faulting during Oligocene 
and Miocene time which has continued to the present, 
development of fault controlled ground water circulation 
formation and mineralization of collapse breccia pipes, 
possible discharge of ground water to the land surface 
from the Coconino aquifer via collapse breccia pipes, 
entrenchment of the Little Colorado and Colorado rivers in 
the Paleozoic section beginning in middle Miocene time, 
discharge from the Coconino, Esplanade, and Redwall aquifers 
directly to the land surface in the vicinity of the Little 
Colorado Gorge beginning in middle Miocene time, 

lowering of the potentiometric surface to its present 
position with the erosion of the Little Colorado Gorge, 
and 

limiting of the vertical propagation of collapse breccia 


pipes to below the land surface. 


CHAPTER V 


THE BLUE SPRINGS 


The Blue Springs encompasses all the springs which discharge 
from the Redwall and Esplanade aquifers in the Little Colorado 
Gorge. Cooley (1976) suggested that faults, and the Blue Spring 
fault in particular, exert a strong control on spring flow in the 
Little Colorado Gorge. This chapter will identify the specific 
geologic controls on the location, water qualities and temperatures 
associated with the Blue Springs, and Spring 53, which discharges 


from the Tapeats aquifer. 


Geologic Controls on the Locations of the Blue Springs 
This section will show that: 

(1) springs occur in the Esplanade Sandstone, Redwall Limestone, 
undifferentiated Cambrian = and the Muav Limestone, 

(2) 4/5 ths of the total discharge is from the Redwall 
Limestone, 

(3) springs occur where permeable zones interesect the canyon, and 

(4) permeability types consist primarily of solution widened 
joints, fractures associated with fault zones, partings 


between bedding planes, and caves. 
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The locations of 56 springs and seeps identified in this study 
are shown on Figure 10. A standard set of observations taken at 
each spring and seep are summarized on Appendix B. In order to 
quantify the total discharge from the Blue Springs, the Little 
Colorado River was gauged at the 9 locations shown on Figure ll. 
These data are summarized on Appendix C. The difference between the 
measured flow of the Little Colorado River listed on Appendix D, and 
the estimated discharge of observed springs listed on Sowers Cc 
indicates the amount of subriver discharge from the system. Table I 
is a summary of the stratigraphic occurrence, discharge, tem- 
perature, and water quality associated with the springs. 

No spring flow from the Paleozoic section was observed between 
Cameron and Spring 1. According to Cooley (1976), the Coconino 
aquifer is not saturated in the vicinity of the Little Colorado 
Gorge. However, Cooley (1976) observed numerous pools of blue 
water, "...similar in color to water that discharges from Blue 
Springs...", up-canyon from Spring 1. Cooley (1976) attributed 
these blue pools to either: 

(1) underflow from the Little Colorado River, or 

(2) discharge of ground water from the Paleozoic rocks. 
None of the blue pools were sampled, however no travertine deposits 
were observed on either the floor or the walls of the canyon between 


Cameron and Spring 1. Travertine deposits are associated with 
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Figure 10. Locations of springs in the Little Colorado Gorge, Coco- 
nino County, Arizona. 


46 


1°40 
1 


m%s' 
1 


Ete) 


-36°10' 


36°10'- 


EXPLANATION 


112m) » faos,” 
Gouge Site Pa a : 


I, location of gauging site; (2\\), * C 
gouged flow in tt¥s; letter ‘Ss . : 
and number correspond to “Ras 
fetter ond number listed 
on Appenax O. a i ‘ ‘ ; 

4 gaan A \ a ie My 
: Meee a —36°0S' 


36°05 '— ®, Increase in gouged flow ye 
between consecutive gauge mae | a. vase” 

ei ° T 

—., wal 


sites in ff*/s. ; 
Rim of conyon y C ~ 
e « 


ERHOLE FAG. + 1 
ae ee EDS 


ae 


! wnes 

eas 

Figure 11. Locations of gauging sites showing gauged flow and increa- 
ses in gauged flow for the perennial part of the Little 


Colorado River, Coconino County, Arizona. 


Table I. Summary of the stratigraphic occurrence, discharge, temperature, and water quality of spring 
flow in the Little Colorado Gorge, Coconino County, Arizona. 


Total Dissolved Total Number 
Aquifer? Lithologic Solids Temperature? of Total Discharge 
Unit (mg/1) (°F) Observed Springs® (Ft3/s)£ 
Es plande 
Aquifer Esplanade Sandstone 3,400 to 3,500 68° - 69° 3 €1 
Redwall Limestone 2,300 to 4,100 699 - 73° 35 173 
Redwall Temple Butte Limestone 0 0 
Aquifer ; e ~ = 
Undifferentiated 4,000 to 4,100 64° - 73 7 19 
ambrian 
Muav Limestone 4,000 to 4,100 66° - 77° 10 19 
Tapeats 
Aquifer Tapeats Sandstone 24,000 80° 1 <1 
a Aquifer properties summarized on Figure 5. 
b Lithology summarized on Figure 2. 
c Water analyses summarized on Appendix E. 
d Temperatures listed on Appendix C. 
Individual spring listed on Appendix C. 


Gauging data listed on Appendix D, individual spring discharge data listed on Appendix C. 
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Spring 1. I conclude that the water in the blue pools is derived 
from the Little Colorado River. 

Springs 1, 2, and 3 all discharge from a medium to coarse 
grained sandstone in the lower part of the Esplanade Sandstone, that 
is underlain and overlain by a fine grained siltstone, see Appendix 
B. The largest of these, Spring 1 is located on the down-dip side 
of the Blue Springs monocline, 200 ft down canyon from the intersec- 
tion of the monocline, the Blue Springs fault, and the floor of the 
canyon, as shown on Figure 10, and Plate III. I conclude from the 
proximity of Spring 1 to the Blue Springs monocline that the water 
has followed fractures associated with the monocline. 

As shown on Table I, 173 ft?/s, or eighty-one percent of the 
total discharge from the Blue Springs system is from the Redwall 
Limestone. Most of the Redwall springs are localized by solution 
widened joints and fractures associated with fault zones, such as 
those shown on Figures 12 and 13. Notice from Figure 13 that 
springs 23, 24, and 25 are located on the Blue Springs fault. Blue 
Spring (Spring 19, Appendix B), with a discharge of 97 £t3/s is the 
largest spring in the system and discharges from four outlets in 
highly fractured Redwall Limestone. Two of these outlets are small 
caves developed along bedding planes, as shown in Figure 14. 

No water discharges from the Redwall aquifer between Springs 38 


and 39, a distance of 3.5 mi, as shown on Figure 10. Here the trend 
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Spring 32, which discharges 0.22 ft3/s from a solution 


Figure 12. 


the Thunder Springs Member of the Redwall 


Spring is located 11.2 mi upstream from the 


confluence of the Little Colorado and Colorado rivers. 


in 


int 


jo 


widened 


Limestone. 


Figure 13. 
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Springs 23, 24, and 25, which discharge a total of 0.18 
ft-/s from fractures in the Mooney Falls Member of the 
Redwall Limestone associated with the Blue Springs fault. 
Springs are located between 12.3 and 12.5 mi upstream 
from the confluence of the Little Colorado and Colorado 
rivers. 


Figure 14. 
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Blue Spring (Spring 19), which discharges 97 ft/s from 
small caves developed along partings between bedding planes 
in the Mooney Falls Member of the Redwall Limestone. 

Spring is located 13.1 mi upstream from the confluence of 
the Little Colorado and Colorado rivers. 
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of the canyon is north, parallel to the strike of the high angle 
normal faults, so that no major faults intersect the canyon floor. 
Springs 39 through 56 occur where the Little Colorado Gorge turns 
westward with a trend perpendicular to the strike of the high angle 
normal faults as shown on Figure 10, and Plate III. 

Springs 39 and 52, and 54 through 56 rise in the alluvium and 
colluvium that covers most of the slope forming lower part of the 
Redwall aquifer. Solution widened joints and fractures associated 
with fault zones appear to control the locations of springs in the 
lower part of the Redwall aquifer because of the localization of the 


largest rises on the trends of major faults. 


Structural Control on Temperature 

The Blue Springs fault exerts a strong local control on the 
temperature of individual springs. As shown on Figure 15, springs 
located on the west side of the fault have temperatures of 69° F, 
whereas springs located on the east side of the fault have tem- 
peratures of 72° and 73° F. Furthermore, temperatures increase down 
canyon from 68° F at Spring 1, to 77° F at Spring 54. The warmer 
temperatures correspond to sources in the lower parts of the Redwall 
aquifer. 

Springs 42 and 48, as listed on Appendix B, show a seasonal 
variation of 11° and 12° F respectively, warmer in the summer and 


cooler in the winter. Springs 39, 42, and 48 all rise in alluvium 
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Figure 15. Temperatures of springs in the Little Colorado Gorge, 
Coconino County, Arizona. 
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at the months of large side canyons. I attribute the seasonal 
variation of their temperatures to the fact that the water has moved 
a sufficient distance at a shallow depth so as to be either cooled 
or warmed by the atmosphere. The same appears to be true of Spring 


39 for which I only have a winter temperature measurement of 64°F. 


Structural Control of Water Quality and Mixing 
This section will show that: 
(1) two distinct types of water are discharged from the Blue 
Springs, 
(2) some springs are mixtures of these two types, and 
(3) the Blue Springs fault exerts a strong local control on 
the water quality of individual springs. 
Fifty-two springs were sampled and analyzed for the major 


cations (ca’?, Mett, Nat, 


and K‘), the major anions (HCO3 , SO, , 
Cl’, and F ) and Silica (Si0,). The results are listed on Appendix 
D, represented graphically on Figure 16, and plotted on trilinear 
diagrams on Figures 17 through 20. 

As shown on Figure 16, the Blue Springs discharge water which 
ranges in total dissolved solids from 2,270 mg/l to 4,177 mg/l. All 
of the Blue Springs discharge water that is of the Na*-C1~ type, 
however, as shown by the shapes of Stiff diagrams on Figure l6, 
there is a considerable range in the relative and absolute con- 


centrations of Catt ‘ Nat 7 HCO4 ,» and Cl. . This range in com- 
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Figure 16. Chemical compositions and total dissolved solids of springs 
in the Little Colorado Gorge, Coconino County, Arizona. 
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Figure 17. Illustration showing how the data for Spring 19 is plotted 
on a trilinear diagram using the technique developed by 
Piper (1944). Notice the parts of the total field which 
appear on Figures 18, 19, and 20 herein. 
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Cation field for the trilinear diagram showing chemical 
characteristics of springs in the Little Colorado Gorge, 
Coconino County, Arizona. 
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Figure 19. Anion field for the trilinear diagram showing chemical 
characteristics of springs in the Little Colorado Gorge, 
Coconino County, Arizona. 
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Figure 20. Composite field for the trilinear diagram showing chemical 
characteristics of springs in the Little Colorado Gorge, 
Coconino County, Arizona. 
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position is evident on Figures 17 through 20, where the data is 
plotted on a trilinear diagram using the technique developed by 
Piper (1944). 

As shown on Figures 18 through 20, the data plot as a straight 
line between Springs 19 and 39 in all three fields of the diagram. 
Furthermore, Spring 19 has the smallest, Spring 39 the largest, and 
most springs which plot between these two have intermediate amounts 
of total dissolved solids. It is clear that two distinct waters are 
discharged from the Blue Springs, and apparent that some springs are 
mixtures of these two waters. 

Piper (1944) demonstrated that, assuming conservation of mass, 
two waters are mixed if three criteria are met. First, the mixed 
waters must plot as a line between the two end member waters in all 
three fields of the trilinear diagram. Second, the concentration of 
the individual constituents must be intermediate between the end- 
member concentrations. Third, the computed concentrations using the 
following equations for individual and total constituents must agree 


with the analytical data: 


bE, 
= % 5 
Va aE, + bE 100%, and (5) 
A D 
vey ; (6) 
7 a + CY 
where, 
Va + Vp = 100%, cs 


C, ™ 
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percentage of mixture that has the composition of end member A. 


= percentage of mixture that has the composition of end member B. 


distance, scale arbitrary, between plot position of mixed 
sample and end member A, measured in any field of the 
trilinear diagram, 

distance, scale same as for a, between plot position of the 
mixed sample and end member B, measured in the same field 
as for A, 

concentration of total cations (or anions) of end member A 
in meq/1, 

concentration of total cations (or anions) of end member B 
in meq/1, 

concentration in the mixed water of total dissolved solids 
or of an individual constituent in meq/1 or mg/l, 
concentration in component water A of total dissolved 
solids or of an individual ion in meq/1 or mg/l, and 
concentration in component water B of total dissolved solids 


or of an individual ion in meq/1 or mg/l. 


Using Spring 19 as end member A and Spring 39 as end member B, 


the agreement between predicted and measured values of springs 1, 2, 


4, 21, 22, 23, 26, 29, 30, and 32 are within ten percent, as shown on 


Table II. I, therefore, conclude that the water discharging from 


these springs are mixtures of end members 19 and 39. 
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Table II. Computed percent mixing of water in Springs 1, 2, 4, 21, 22, 
23, 26, 29, 30, 32, and 38 using waters from Springs 19 and 
39 as unmixed end members. 


Percent difference between 


Percent of Percent of measured versus predicted 
Spring endmember endmember miliequivalents at the site 
No. Aa Ba Cation Anion 
1 22 78 5.1 4.4 
2 22 78 6.1 3.9 
4 36 64 4.4 25 
21 85 15 5.5 8.5 
22 65 35 4.8 0.8 
23 56 44 0.4 0.2 
26 18 82 6.7 5.6 
29 13 87 ee 6.8 
30 70 30 6.4 8 
32 22 78 7.4 7.6 
38 73 27 4.2 31 


—  _OrroroOrnrnrnrnrnrr—— rrr 


a. Computed from Equation (5) 


(1) end member A is discharged from the west side of the 
fault, 

(2) end member B is discharged from the east side of the fault, 
and 

(3) all of the mixed water springs discharge from on or near the 


fault. 


Sipapu (Spring 53) 

Cooley (1976) suggested that the Sipapu (Spring 53) discharges 
water that is derived from the Tapeats Sandstone. It is clear that 
the Sipapu does not discharge water from the Redwall aquifer because 
it has 6 times the dissolved solids, and is 3° F warmer than any 
spring in the Blue Springs,systems Although specific structures 
which control the location of the spring are covered, I suspect that 
this water circulates 60 ft upward to the floor of the canyon 


through a fracture zone in the Bright Angel Shale from the Tapeats 


aquifer. 
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Figure 21. Computed percent mixing of water in springs in the Little 
Colorado Gorge, Coconino County, Arizona. Notice that end 
member A is discharged from the west side, end member B 
from the east side, and mixed waters from on or near the 
Blue Spring fault. 


66 


m°4s5' 1240" 


C4 
N¥on 
5010 — — 36°10" 
EXPLANATION < a ‘ 
56/44, — *% 
56, percent endmember A, Ps ‘ 
44, percent endmember 86, 
aischorged from spring. 
36°05'— 


nr eee — 36°05' 
Rim of Canyon sf 
U 

fo) 


Foult 
U, upthrown side; 0, downthrown side 


MILES 


CHAPTER VI 


REGIONAL WATER QUALITY 


The objective of this chapter is to discuss the distribution 
and sources of dissolved solids in the Paleozoic aquifers. It will 
be shown that: 

(1) the water qualities of the Blue Springs results from the 

mixing of different water types in the Coconino aquifer, 

(2) mixing in the northern part of the area takes place pri- 

marily in fault zones where there is a convergence of 
ground water flow paths, and 

(3) 3/4 ths of the water being discharged from the Blue Springs 


originates in the San Francisco Peaks volcanic field. 


Distribution and Sources of Chemical Constituents 

The chemical analyses of 41 water wells developed in the 
Coconino aquifer are listed on Appendix E, represented graphically 
on Plate VI, and plotted on a trilinear diagram on Figure 22. Also 
represented on Plate VI and plotted on Figure 22, are Springs 19, 
23, and 39. Four salient facts about water quality in the western 


part of the Black Mesa hydrologic basin are deduced from the Stiff 


68 


100% 100% 


ve «5 
S70 178 a8 
486) Sth ig 


° 3 
37° . 24 «66 
62 


0% 
100 % 


« Wells 
* Springs 


Figure 22. Trilinear diagram showing the chemical characteristics of 
water produced from water wells developed in the Coconino 
aquifer in the western part of the Black Mesa hydrologic 
basin, and of selected springs in the Little Colorado 
Gorge, Coconino County, Arizona. 
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diagrams on Plate VI: 
(1) total dissolved solids increase down the hydraulic gradient, 
away from the San Francisco volcanic field, 


(2) the chemical composition of ground water varies between Ga™* 


-Mgtt -HCO, in the west, Ga’? = 


Mett -SO, in the south, and 
Nat -Cl” in the east, 

(3) the water quality of Spring 39 is quite similar to the Na’ -C17 
water of wells 7, 8, 11, 21, and 28, and 

(4) the water quality of Spring 19 is quite similar, except for 
larger Na*t and Cl” concentrations, to the Ca‘? -Mgtt -HC03 
water of well 24. 


In order to show the regional distribution of the major chemi- 


cal constituents in the Coconino and Redwall aquifers more clearly, 


— + 


the concentrations of Ca’, Mg Na*, €1", HCO3 , SO, , and SiO, 
were contoured in mg/l on Figures 23 through 29. Four salient facts 
about the distribution of individual chemical constituents deduced 
from Figures 23 through 29 are as follows: 


(1) Mert, Nat 


, Cl’, and SO, concentrations increase from west 
to east, 

(2) Ca’, HCO3 , and Sid, concentrations increase from east 
to west, and 


(3) SiO, concentrations decrease from south to north. 


Dissolution of evaporites in the Permian section is the respon- 


Figure 23. 
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Concentrations of Cat in ground water in the Coconino 
aquifer in the western part of the Black Mesa hydrologic 
basin, Coconino County Arizona. 
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Figure 24. Concentrations of Mgtt in ground water in the Coconino 
aquifer in the western part of the Black Mesa hydrologic 
basin, Coconino County, Arizona. 
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Figure 26. Concentrations of Cl in ground water in the Coconino 
aquifer in the western part of the Black Mesa hydrologic 
basin, Coconino County, Arizona. 
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Figure 27. Concentrations of HCO, in ground water in the Coconino 


aquifer in the western part of the Black Mesa hydrologic 
basin, Coconino County, Arizona. 
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Figure 29. Concentrations of Si0, in ground water in the Coconino 
aquifer in the western part of the Black Mesa hydrologic 
basin, Coconino County, Arizona. 
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sible source for the larger concentrations of Mg*t, Nat, Cl°, and 
SO, in the eastern part of the area shown on Plate VI and on 
Figures 24, 25, 21, and 28. Water in the eastern part of the area, 
as shown on Plate V, drains the eastern part of the Black Mesa 
hydrologic basin. Pierce and Gerrard (1966) report halite (NaCl) 
deposits up to 500 ft thick, and Blakey (1979) reports gypsum 
(CaS0,°2H50), epsomite (MgS0,°7H,0), and anhydrite (CaS0,) deposits 
up to 20 ft thick in the Schnebly Hill Formation near Holbrook. In 
contrast the large catt, mett, and SO, , and low Nat and C17 con- 
centrations of wells 85 and 88 indicate that this water has drained 
gypsum, epsomite, and anhydrite, but not halite deposits. 

The largest concentrations of Catt and HCO4 occur in the 
northern and western parts of the area where SO, concentrations are 
low, as shown on Plate VI, and Figures 23, 27, and 28. Here the 
larger ou"* and HCO3~ concentrations result from the dissolution of 
carbonate (CaCO3), which is present in abundance in the Coconino and 
Redwall aquifers, as shown on Figures 2, 3, and 5. 

The distribution of silica (Si0,) is similar to Ca** and HCO, 
in that it increases from east to west, as shown on Figure 29. In 
contrast, silica concentration decreases from south to north. A 
silica high occurs in the southern part of the area where recharge 
takes place through the silicic to intermediate volcanics exposed in 


the area (Christensen, 1982). 
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Mixing of Ground Water 

Cooley (1976) stated that the water qualities associated 
with the Blue Springs results from the "...mixing of highly minera- 
lized water moving west northwestward across the area north of the 
Little Colorado River with the relatively pure water from the pla- 
teaus southwest of the Little Colorado River.". In order to test 
Cooley's (1976) hypothesis the Blue Springs were tested for mixing 
using wells 24 and 28 to represent the end member waters. Well 24 
was chosen to represent water from the San Francisco volcanic field 
because, as shown on Figure 22 and on Plate VI, it is of the gat 
-Mgtt -HCO3” type and has the largest total dissolved solids of any 
well with this water type- Well 28 was chosen to represent water 
from the easter part of the area, because, as shown on Figure 22 and 
on Plate VI, it is of the Na’ -Cl” type and has the largest amount 
of total dissolved solids of any well with this water type. 

As shown on Figure 22, Springs 19, 23, and 39 plot as a 
straight line between wells 24 and 28 in all three fields of the 
trilinear diagram. Therefore, these springs meet Piper's (1944) 
first criterion for simple mixing. Furthermore, the agreement bet- 
ween measured and predicted concentrations of total cations and 
total anions is within eighteen percent, as shown on Table III. I 
conclude that the Blue Springs water results from the mixing of 


these two water types. 
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Table III. Computed percent mixing of water in Springs 19, 23, and 39 
using water from wells 24 and 28 as unmixed end members. 


Percent difference between 


Percent of Percent of measured versus predicted 
Spring endmember endmember miliequivalents at the site 
No. Well 248 Well 284 Cation Anion 
19 86 14 16 18 
23 75 25 14 12 
39 49 51 -8 -11 


a. Computed from Equation (5) 
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Springs 19 and 23 have cat and HCO, concentrations that are 
larger than those of any well in the area. However, using the 
WATEQF program (Plummer and others, 1976), end member wells 24 and 
28 were found to be supersaturated with respect to calcite. 
According to Runnels (1969), a mixture of cat? -HCO3” water and Nat 
-Cl water can be undersaturated with respect to calcite even though 
the original end member waters were saturated or supersaturated. I 
hypothesize that mixing of ca’ -HCO3” with Nat -Cl” water in the 
western part of the Black Mesa hydrologic basin results in addi- 
tional dissolution of CaCO3, because the mixture is undersaturated 
with respect to calcite. 

Ground water having different concentrations and/or chemical 
compositions is mixed by physical movement of the waters involved 
and by molecular diffusion. However, because diffusion is a slow 
process, its effects are considered to be negligible and obscured by 
the effects of mechanical mixing in systems of active ground water 
circulation. In the northern part of the area, mixing occurs prin- 
cipally within fault zones, where there is a convergence of ground 
water flow paths, thus resulting in the structural control of water 
qualities associated with the Blue Springs. 

If mechanical mixing is assumed between wells 24 and 28 and the 
Blue Springs, then the volume of water discharged from an individual 


spring having the composition of either end member Well 24 or end 
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member Well 28 can be calculated from the following equation: 


Qo4 = Vo 42; (8) 
where, 
Qo4 + Qog = Q, (9) 


Qo4 = the volume of water discharged from an individual spring 
having the composition of end member Well 24, 
Qog = the volume of water discharged from an individual spring 
having the composition of end member Well 28, 
Q = the total discharge from the spring, 
Vo4 = percentage of mixture that has the composition of end 
member Well 24, and 
Vog = percentage of mixture that has the composition of end 
member Well 28. 
Vou and Vog can be calculated from equation (5), and the discharge 
of individual springs is known from Appendix B. The total volume of 
water discharged from the Blue Springs system having the composition 
of end member Well 24 or end member Well 28 can then be calculated 
from the summation of the Qo4's or the Qog's of all the individual 
springs. 
Approximately 158 £t?/s or seventy-five percent of the water 
discharged from the Blue Springs system has the composition of end 
member Well 24, whereas 57 £t3/s or twenty-five percent of the 


water discharged from the Blue Springs system has the composition of 
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end member Well 28. Therefore, approximately seventy-five percent 
of the Blue Springs water is derived from the San Francisco volcanic 
field. 

Although the San Francisco volcanic field represents only five 
percent of the surface area of the Black Mesa hydrologic basin, it 
contributes the largest volume of ground water to the Blue Springs 
system, because it is structurally complex with many faults and 
fractures that impart large secondary permeability to the aquifers, 
and therefore greatly enhance recharge rates relative to the rest of 


the Black Mesa hydrologic basin. 


CHAPTER VII 


SUMMARY AND CONCLUSIONS 


Collapse breccia pipes in the vicinity of the Little Colorado 
Gorge result from solution and collapse in the Redwall Limestone. 
Their vertical extent is a function of: 

(1) the height of the original cavity, 
(2) the height of the potentiometric surface at the time the pipe 
formed, 
(3) the solubility of the overlying rock, and 
(4) the expandability of the overlying rock. 
Given the present position of the potentiometric surface, pipes 
which are forming today will not reach the land surface. 

The mineralization within some pipes extends into the Mesozoic 
section, more than 2,000 ft above the present position of the poten- 
tiometric surface. Therefore, formation and mineralization occurred 
before entrenchment of the Little Colorado River in the Paleozoic 
section. It is clear that post-Laramide extensional faulting in the 
carbonate section has directly enhanced permeabilities of the rocks 
comprising the Redwall aquifer, allowed for development of solu- 


tional cavities, and pipe development. 
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The Paleozoic aquifers in the Black Mesa hydrologic basin have 
drained to springs in the vicinity of the Little Colorado Gorge at 
least since erosion exposed the Paleozoic section beginning in 
middle Miocene time. The Black Mesa hydrologic basin still drains 
to the Blue Springs because the Little Colorado Gorge contains the 
lowest topographic exposures of the Coconino, Esplanade, and Redwall 
aquifers. Within the canyon, spring flow occurs where permeable 
zones, such as solution widened joints, fractures associated with 
faults, partings between bedding planes, and caves intersect the 
canyon floor. 

The Blue Springs fault exerts a strong local control on the 
chemical quality and temperature of water discharging from indivi- 
dual springs. Springs west of the fault have total dissolved solids 
of 2,270 mg/1, and temperatures of 69° F; springs east of the fault 
have total dissolved solids of 4,100 mg/l, and temperatures of 72° 
to 73° F; and springs on or near the fault have total dissolved 
solids and temperatures that are intermediate. Both waters are the 
Nat -Cl” type, however, springs west of the fault have significantly 
larger concentrations of catt and HCO; , and significantly smaller 
concentrations of Na’ and Cl~ than springs east of the fault. 

Ground water that originates in the eastern Mogollon Highlands 
moves northward toward Winslow and Holbrook and then northwestward, 


parallel to the Little Colorado River toward Cameron and the Blue 
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Springs monocline. This water drains the thick evaporite section in 
the Schnebly Hill Formation near Holbrook, and contains large con- 
centrations of Na‘, Nett, Cl, SO, , and total dissolved solids of 
809 to 7,750 mg/1. Ground water that originates in the San 
Francisco volcanic field contains large concentrations of ca’*, 
HCO, , and SiO», small concentrations of wa, C2, SO, , and total 
dissolved solids of 103 to 998 mg/l. This water moves northeastward 
to a graben zone on the up-dip side of the Black Point segment of 
the East Kaibab monocline, and then north toward the Blue Springs 
monocline. 

These two waters converge on, and mix in the fracture system 
associated with the Blue Springs monocline and the numerous high 
angle normal faults located on the down-dip side of the Coconino 
Point segment of the East Kaibab monocline. The regional dip is to 
the east and the hydrologic gradient is to the west, hence ground 
water moves, via fractures, from the Coconino aquifer through the 
Hermit Shale and the lower part of the Supai Group, into solution 
cavities developed in the Mississippian and older carbonates of the 
Redwall aquifer. 

The water being discharged from the Blue Springs is a mixture 


++ 


of seventy-five percent Ca -Mett 


-HCO3~ water from the San 
Ps : + ++ - 
Francisco volcanic field, and twenty-five percent Na -Mg -Cl 


-SO, water from the eastern part of the Black Mesa hydrologic 
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basin. Although the San Francisco volcanic field represents only 
five percent of the surface area of the Black Mesa hydrologic basin, 
it contributes 3/4 ths of the ground water discharged from the Blue 
Springs system, because recharge rates in the San Francisco volcanic 
field are many times greater than in other parts of the Black Mesa 


hydrologic basin. 
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APPENDIX A@ 
INVENTORY OF WELLS WHICH YIELDED POTENTIOMETRIC, 
WATER QUALITY, AND/OR STRATIGRAPHIC TOPS DATA 
FOR THE COCONINO AQUIFER IN THE WESTERN PART 
OF THE BLACK MESA HYDROLOGIC BASIN, 


COCONINO COUNTY, ARIZONA 


a. Sources of data include: U. S. Geol. Survey, Flagstaff, Arizona; 
McGavock (1968); Farrar (1979, 1980); and Appel and Bills (1981). 


APPENDIX A® 


INVENTORY OF WELLS WHICH YIELDED POTENTIOMETRIC, WATER QUALITY, AND/OR STRATIGRAPHIC TOPS DATA FOR THE 
COCONINO AQUIFER IN THE WESTERN PART OF THE BLACK MESA HYDROLOGIC BASIN, COCONINO COUNTY, ARIZONA 


No. 


Well 
Location® 


Well Name 
and/or Owner 


30N-6F-32 
cc 
29N-60-5 
dbc 
29N-6E-29 
29N-9E-32 
dbb 
29N-9E-22 
dca 
29N-9E-22 


28N-9E-35 
bac 
27N-7E-23 
bde 
27N-7E-26 
abb 
27N-9E-6 
ada 
27N-9E-b 
aad 
27N-9E-6 
dca 
27N-9E-6 
de 
27N-9E-7 
hab 
27N-9E-7 
abb 
27N-9E-7 
baa 


Collins-Cobb Oil Test 
77-Bar Ranch 


77-Bar Ranch well 


Tribal well 3P-352 
Cameron test No. 2 


Buck Rodgers Trading 

Post 

Gray Mountain Station 

No. 2 Black Mesa Pipeline 
Tribal well 3T-341 


Tribal well 3K-331 
Tribal well 3T-314 
Tribal well 3T-314 

Gray Mountain 

Flagstaff Mission to 
the Navajos 

Gray Mountain T.P. No.1 
well 

Cray Mountain T.P. No.1 


well 
Whitting Brothers 


Pickens-Myers well 


Ground 
Elevation’ 


5830 


6220 


6180 


6600 
4410 


4210 


4240 


4420 


4830 


4910 


4420 


5400 


5420 


4980 


4960 


5030 


5030 


5035 


5040 


5040 


d 


Reported Elevation 
Depth to of Potentiometric 
Water® Surfaced 
2200 3630 
1300-D 4920-D 
1440-D 4740-D 
1200-D 5400-D 
432-D 4038-D 
495 3715 
600 3640 
746 3674 
1062 3768 
1146 3764 
690 3730 
300-D 5100-D 
133-D 5287-D 
1236 3744 
1215 3745 
1250 3780 
1308 3722 
1325 3710 
1150 3890 


Producing 
Formation 


Mr 


Pc 


Pc 


Pc 


Pc 


Pk 


Psh 


Psh 


Psh 


Psh 


Psh 


f£ 


~~~Reported Rate 
of Production 
(gal/min) 


17 


14 


20 


25 


Temperature 
(OF) 


57 


68 


65 


65 


61 


63 


63 


“Elevation 


of 


Kaibab Fn. 


5830 


6220 


6180 


6600 
4045 


3775 


3805 


4830 


4910 


3900 


5190 


5310 


4980 


4960 


5030 


5030 


5035 


5040 


5040 


Water 
Analysis& 


Yes 


Yes 


Yes 


Yes 


Yes 


L6 


APPENDIX A® (Continued) 


Reported Elevation Reported Rate Elevation 
Well : Well Name Ground Depth to of Potentiometric Producing of Production Temperature of Water 
Location© and/or Owner Elevation? Water® — Surfaced a Formation£ — (gal/min) oe (Cr). Kaibab Fm. Analysis& 
27N-9F-11 Maize Wash well / 4590 706 3BR4 Pe Yes 
ddd John Rabbit 7 
27N-9F-15 Barron-Steele oil test 5093 1315 3778 Psh 5093 
ccc 
27N-9F-21 Lockhart-Babbit oil tes 5090 1309 3781 Psh 5090 
abe 
26N-8E-1 Spider Webb well/ 5205 1475 3730 Psh 15 5105 Yes 
bed John Babbit and Pc 
26N-BE-35 John Babbit 5450 1500 3950 Psh 5450 
chd 
26N-9F-15 Bar Doney well 5075 1152 5075 Psh 5075 Yes 
dad 18 
26N-9F-33 Mesa well/John Babbit 5335 1343 3992 Psh 5265 Yes 
cad 15 65 
26N-10E-9 River well /John Rabbit 4242 260 3983 Pc Yes 
cda 
26N-10F-31 Savage well /John Babbit 5062 927 4135 Pc 13 5062 Yes 
cba 
25N-SE-27 Upper Slate Mountain 6895 320-D 6575-D 6595 
ccd well/John Babbit 
25N-6E-20 John Babbit 6600 43l 6169 TRe 15 6166 Yes 
bbb 
25N-7E-27 6530 4AB-D 6052-D Psh 
bdb 
25N-9F-6 Critadel well /N.P.S. 5381 1583 3798 Pc t's 68 5332 Yes 
ccd 
25N-10E-30 Wupatki Natl. Monument 4930 781 4149 Pc 50 67 Yes 
bdb headquarters well/N.P.S 
24N-8E-29 6365 1262-D 5103-D 
ab 
5T-529 4800 383 4502 Pc 
23N-8E-21 Sunset Crater Natl. 6970 1944 5026 Psh 21 60 Yes 
aad Monument well 
23N-10F-1 Rhoton Spring well 5035 740 4295 Pe 6 66 Yes 
bbb 
23N-10E-24 Ranch well/Joe Kellum 5190 859 4331 Pc 6 66 Yes 
abb 
23N-1L1F-28 =Tribal well 5m-104 5150 646 4504 Pc 6 Yes 
a 


86 


APPENDIX A® (Continued) 


Reported Flevation Reported Rate Elevation 
Well Well Name Ground Depth to of Potentiometric Producing of Production Temperature of Water 
No.5 Location® and/or Owner Elevation? Water® xa __ Surfaced | : Formation (gal/min) peeeeers (OF) Kaibab Fn. Analysis& 
AL 23N-12F-17 Tribal well SK-318 4850 312 4538 ° Pc 18 4850 Yes 
dc 
42 23N-12E-246 Tribal well 5K-314 4840 231 4609 Pc 18 66 Yes 
c 
43 22N-SE-26 Williams No. 4/E1 7230 2010 5220 Psh 20 
ade Paso Natural Gas 
44 22N-5E-26 Williams No. 5/EFl 7232 2120 5112 Psh 
ade Paso Natural Gas 
45 22N-SE-36 El Paso Natural Gas 7250 1800-D 5450-D 
ac 
46 22N-6F-26 City of Flagstaff 7335 1540-D 5795-D 6840 
aaa 
47 22N-7F-34 7230 302 6928 Pk 
dob 
48 22N-RE-16 Flagstaff well /ATT 6750 1635 5115 Psh 11 63 6390 
dad Yes 
49 22N-8F-23 6570 1550 5020 Psh 63 Yes 
aab 
50 22N-8E-27 6625 1496 5129 Psh 65 6490 
caa 
51 22N-8E-35 6550 1457 5093 Psh 25 6433 Yes 
caa 
$2 22N-9E-29 6550 1390 5160 Psh Yes 
bac 
53 22N-10E-3 Kellum No. | oil test/ 5590 1137 4453 Psh 5555 Yes 
aca Flagstaff Associates 
54 22N-10E-15 Russel Kottkuhn 5705 1112 4593 Pc 5628 
bdc 
55 22N-11E-5 George Hansen 5515 1030 4485 Psh 
dbb 
56 22N-11F-19 Salt well/Joe Kellum 5545 1000 4545 Pe 10 5545 Yes 
cece 
57 22N-11E-35 Tribal well 5m-103 5350 732 4618 Pec 12 59 5350 Yes 
be 
58 22N-12E-11 Leupp No. 1/ El Paso 4990 335 4655 Psh 200 63 4990 Yes 
cb Natural Gas and Pc 
59 22N-12E-15 Tribal well 5m-108 5030 379 4651 . Pe 10 5030 Yes 
ab 
60 22N-12F-17) =Tribal well 5K-315A 5220 640 4580 Pe 17 61 5220 
be 


66 


No. 


61 


62 


63 


64 


65 


46 


67 


68 


69 


70 


7 


72 


73 


14 


75 


76 


77 


78 


79 


80 


Well 


Location® 


22N-12F-25 
dd 
21N-SE-11 
che 
21N-6F-35 
bee 
21N-66-35 
bea 
21N-6E-35 
ech 
21N-6F-35 
cece 
21N-7E-16 
aaa 
21N-7E-19 
aca 
21N-7E-20 
bdb 
21N-7E-22 
ada 
21N-7E-22 
aad 
21N-7E-26 
abd 
21N-7E-32 
bbc 
21N-9E-5 
ddd 
21N-9F-6 
bab 
21N-9E-8 
cba 
21N-9E-8 
bee 
21N-9F-8 
aaa 
21N-9E-10 
bbd 
21N-9F-14 
acc 


Well Name 
and/or Owner 


Tribal well 5K-309 
Navajo Army Depot Well 
Woody Mountain No. 3 
Woody Mountain No. | 
Woody Mountain No.2 


Woody Mountain No. 4 


City of Flagstaff 


Rodger Riordan 
Ponderosa No. 2 well 
Ponderosa No. | Well 
Little America 


Gus Palmer 
Mountain View Ranchos 


No. | well 


2-Bar-3 well 


Winowa T.P. well 


Cround 
Elevation? 


$030 


7040 


7130 


7140 


7167 


7166 


6945 


7070 


6970 


6865 


6855 


6795 


6910 


6365 


6410 


6455 


6450 


6380 


6290 


6320 


APPENDIX A® (Continued) 


Reported 
Depth to 
Water® 


379 


1273 


1213 


1228 


1247 


1083 


805-D 


1320 


1220 


1233 


1273 


1180 


985 


1270 


1302 


1349 


1349 


1280 


1227 


1205 


Elevation 
of Potentiometric 
surfaced 


4651 
5767 
5927 
5912 
5920 
6083 
6140-D 
5750 
5750 
5632 
5582 
5616 
5925 
5099 
5108 
5106 
5101 
5100 


5063 


5115 


Pc 

Psh 
Psh 
and Pc 
Psh 
and Pc 
Psh 
and Pc 
Psh 
and Pc 
Psh 
Psh 
Psh 
Psh 
Psh 
Psh 
Psh 
Psh 
Psh 
Psh 
Psh 
Psh 


Psh 


Psh 
and Pc 


Reported Rate 
Producing of Production 
__Formationf (gal/min) (°F) 


Temperature 


40 


400 


206 52 


460 


40 


51 


26 


7.5 54 


Elevation 
of 

Kaibab Fm. 
5030 


6915 


6910 


6950 


6795 


6855 


6765 


6910 


6325 


6410 


6455 


6414 


6192 


Water 
Analysis& 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


OOoT 


APPENDIX A® (Continued) 


Reported Elevation Reported Rate Elevation 
Well Well Name Ground Depth to of Potentiometric Producing of Production Temperature of Water 
No.> Location© and/or Owner Elevationd Water® Surface Formation! (gal/min) (°F) Kaibab Fm. Analysis& 
81 21N-9E-14 6320 1215 5105 Psh 
ecb and Pc 
82 21N-9E-17 Arizona Highway 6440 1327 5113 6440 
acc Department 
83 21N-10F-16 6025 990 5035 Pc 
bd 13 
84 21N-11E-19 5820 785 5035 Pe 5820 
be 14 
85 2IN-LLE-24 Tribal well Sm-122 5510 617 4893 Pe 5510 Yes 
d 6 61 
86 21N-11F-31 Toonervile well 5860 940 4920 Pe 5860 
ed 
87 21N-12E-3 Tribal well 5K-317 5330 618 4712 Pc 5330 Yes 
ch 10 
88 21N-12E-17 = Tribal well 5K-316 5340 530 4810 Pc 5340 Yes 
bd 14 61 
89 20N-6E-2 Woody Mountain No. 5 7187 1102 6085 Psh and 
bbe Pc 600 
90 20N-7E-7 6900 949 5951 Psh 
adb and Pc 
91 20N-78F-12 6840 900 5940 Pc 6840 
bha 40 
92 20N-7E-12 Ponderosa No. 3 well 6820 760 6060 Pc 6820 
ddb 167 
93 20N-7F.-28 Mountainaire well 6790 850 5940 Pc 6790 
bee 
94 20N-7E-30 6675 623 6052 Psh 6675 
bbe and Pc 34 
95 20N-8E-18 Lake Mary No. 1 6840 587 6253 Psh 6840 Yes 
bbb and Pc 300 64 
96 20N-8E-18 Lake Mary No. 2 6830 432 6398 Pc 625 
bee 
97 20N-9E-22 6655 1465-D 5190-D Psh 
acb 
98 20N-10F-1 5900 919 4981 Pc 5900 
aad 
99 20N-10E-26 Pickett oil test 6250 1164 5086 Psh 6250 
dha 
100 20N-11E-7 5920 910 5010 Pe 5920 
ad 


10T 


Well 
No. Location 


101 20N-LIE~-12 
baa 

102 20N-12E-14 
bd 

103 20N-12E-29 
ac 

104 20N-17E-24 
ce 


Well Name 
and/or Owner _ 


Roy Owen oil test 
Two Guns T.P. Well 


Anderson Canyon well 


— 


Sources of data include: 


Ground 
Elevation 


5724 
5525 
5625 


5610 


APPENDIX A’ (Continued) 


Reported Elevation Reported Rate Elevation 
Depth to of Potentiometric Producing of Production Temperature of Water 
Water Sur faced Formation (gal/min) (°F) Kaibab Fm. Analysis8 
NA NA Pc 5624 
610 4915 Pc 5525 
590 S035 Pc 2 5625 
NA NA Pe 5610 


U.S. Geol. Survey, Flagstaff, Arizona; McGavock (1968); Farrar (1979, 1980); and Appel and Bills (1981). 


Well numbers refer to the numbered locations shown on Plate IV. 


U.S. Geol. Survey well numbering system is used see Appendix B. 


Elevation is in feet above see level. 


Depth to water is measured in feet from land suface; D = dry hole 


TRc = Chinle Formation; Pk = Kaibab Formation; Pc = Coconino Sandstone; Psh = Schnebly Hill Formation; Mr = Redwall Limestone 


Water Analyses are reported on Appendix F. 


cOT 


APPENDIX B 


U. S. GEOLOGICAL SURVEY WELL NUMBERING SYSTEM 


R63W RE2W REIW REOCW 


Well Number 37-6l-26Dca 


APPENDIX C 
INVENTORY OF SPRINGS IN THE 
LITTLE COLORADO GORGE, 


COCONINO COUNTY, ARIZONA 


APPENDIX C 


INVENTORY OF SPRINGS IN THE LITTLF COLORADO GORGE, COCONINO COUNTY, ARIZONA 


Side of 
Spring Approximate Little Producing Geologic Discharge® Temperature Water 
No.? River Mile, Colorado River® Elevation? unit Control (gal/min) Summer Winter Analysis Remarks© 
1 20.9 right 3385 Pe F,B 20E 69 Yes Paiute Trail Spring, discharge is 


from medium grained, cross-bedded 
quartz 3s, overlain and underlain” 
by fine-grained red siltstone, 

200 ft. below the top of the Pe. 

2 20.1 left 3345 Pe B 5E 68 Yes Discharge is from medium grained, 
crossbedded, quartz gandstone, 
overlain and underaln by fine 
grained red siltstone. 

3 18.6 right 3313 Pe B 5E 73 Yes Discharge is from 
medium-grained,cross-bedded, quartz 
sanstone overlain and underalin by 
fine grained red siltstone 

4 14.5 right 3195 Mrn F 225E 73 Yes Below this spring the Little Colorado 
River is perennial, located on the 
upthrown block of the Blue Springs 


fault. 

5 14.4 right 3190 Mrm J SE 73 Yes 

6 14.3 right 3188 Mrm BI 5E 73 Yes 

7 14,2 right 3185 Mrm J 5E 71 Yes 

8 14.2 right 3185 Mra c 10E 71 Yes Discharge is from partially exca- 
vated cavern, cave is filled with 
red siltstone. 

9 14.1 right 3183 Mrm J 10E 75 Yes Rise is in Qal. 

10 14.1 left 3183 Mrm g 1E 71 Yes 

I 14.1 right 3183 Mrm a C1E Yes Rise is in Qal. 

12 14.0 right 3182 Mrm af <1E Rise is in Qal. 

13 14.0 right 3182 Mrm J IF 71 Yes Rise is in Qal. 

14 14.0 right 3182 Mrm J 1E 70 Yes 

15 13.8 right 3177 Mra B 2E 71 Yes Numerous drips over travertine 
curtain which is 50ft high and 30 
ft long. 

16 13.8 left 3177 Mrm H | 70 Yes 

17 ee right 3176 Mrm J SE 70 Yes 

18 [352 left 3170 Mrm H | 20E Yes 


SOT 


Side of 
Spring Approximate Little Producing, Geologic Discharge® 
No.4 River Mile, Colorado River® Elevation Unité Controlf (gal/min) 
19 13.1 left 3165 Mrm Cc, B, J 43,500 
20 13.0 left 31460 Mrm J 60E 
21 12.9 right 3155 Mrm J 16,600 
22 12.8 right 3153 Mrm J 9,000 
23 12.5 right 3146 Mrm a 10E 
24 12.4 right 3145 Mnn J 50E 
25 1263 left 3144 Mrm J 20E 
26 12.2 right 3141 Mra J 10F 
27 12.1 right 3140 Mrm J 200E 
28 2.4 right 3140 Mrm J 1, 000E 
29 11.8 right 3134 Mrm J 500E 
30 11.6 left 3131 Mrm F 10E 
31 11.5 left 3130 Mrt J 10E 
32 11.2 right 3123 Mrt F | 100F 
33 10.9 
34 10.7 right 3111 Mrt J 200E 
35 10.7 right wi Mrt a 
36 10.7 left 311) Mrt J 10F 
37 10.5 right 3105 Mrm F DIE 
38 10.5 left 3105 Mrm F 100E 
39 7.0 right 2967 €u F 3, OOOE 
40 7.0 right 2967 €u B dIE 
41 6.9 right 2962 €u F 200E 
42 6.7 right 2950 €u F 6000 


APPENDIX C (Continued) 


Temperature 
Summer 


69 


69 
69 


69 
69 
72 
72 
74 
72 


72 
73 


69 
69 
72 
71 
73 


73 
70 


67 


72 


75 


Winter 


69 


69 


70.5 


64 


72 


67 


Water 
Analysis 


a 


Yes 


Yes 


Remarks 


Blue Spring, discharge is from four 
principal outlets, two of which are 
small caves devloped along bedding 
planes. 


Big Spring discharge is at river 
level, rise is in Qal. 

Bubble Spring, discharge is below 
river level. 

Located on Blue Spring fault, high 
density of joints and fractures. 


Travertine spring, discharge is from 
the base of travertine mound 50 ft 
high and 70 ft. long. 


Rise is in Qal. 


Rise is in Qal. 
Rise is in Qal. 


Rise is in Qal. 

located on fault, rise is in Qal. 

Rise is in Qal. along stream 
that is constantly gaining down to 
the Little Colorado River. 

Located under overhang, 0.15 miles 
up Big Canyon. 

Located near fault, discharge is 
near river level from large traver- 
tine cement rubble pile. 

Salt Trail Spring, rise is_in Gal in 


the lower 0.1 mi of Salt Trai 
Canyon. 


901 


APPENDIX C (Continued) 


oe es ene eer emer 


Side of 

Spring Approximate Little Producing Geologic Discharge® Temperature Water — 

No.8 River Mile, Colorado Riverc Elevation? Unit® Control f (gal/min) Summer Winter Analysis? Remarks 

43 6.7 left 2950 Cu J 100F 71 72 Yes Rise is in Qal. 

44 6.4 left 2980 eu F 10F Yes Rise in in Qal. 

45 6.4 ripht 2950 €u F 450E 73 73 Yes Rise is in Qal. 

46 6.4 left 3000 €m J 100E 75 Yes Rise is in Qal. 

47 6.3 left 3005 €m J 100F, 73 72 Yes Discharge is from a series of small 
rises in Qls. 

48 6.2 right 3010 €m A SOE 75 66 Yes Rise is in Qal. 

49 6.1 left 3015 €m | 150E 75 74 Yes Rise is in Qal from underneath a 
large boulder. 

50 6.0 left 3020 €m J 100E 75 74 Yes Rise is in travertine cemented Qal. 

51 5.3 left 3040 €m J 1E 73 Yes Rise is in Qal at the base of Qls. 

52 Sel right 3060 Cm J 110E 76 76 Yes Rise is located at the base of large 
mound of Qtv. 

53 5.0 right 2852 €ba J SE 80 80 Sipasu Spring, dishcarge is from 
that, however water is derived from 
the Ct. 

54 5.0 right 3070 €m J 900E 77 77 Yes Rise is in Qal. 

55 3.8 right 3100 €m J 50E 76 Yes Rise is in Qal. 

56 Bar| right 3100 €m Z 50E 76 Yes Rise is in Qal. 


a. Spring numbers refer to the numbered locations shown on Figure 10. 
b. Distance in miles, measured upstream from the confluence of the Little Colorado and Colorado rivers. 
c. Left or right refers to the side of the canyon where spring is located when observer is facing down river. 


d. Elevation is in feet above sea level. 


e. Pe-Explande Sandstone, Mrm = Mooney Falls Member, Redwall Limestone; Mrt = Thunder Springs Member, Redwall Limestone; €u = Cambrian 
Undifferentiated, €t = Tapeats Sandstone. 


f. B= partings between bedding planes, C = cave; F = fault; J = joint 
g. E * estimated discharge. 
i. Water analyses are listed on Appendix E. 


j- Qal = Alluvium deposits; Qls = landslide deposits. 


LOT 


APPENDIX D 
STREAM FLOW DATA FOR THE PERENNIAL PART 
OF THE LITTLE COLORADO RIVER, 


COCONINO COUNTY, ARIZONA 


Flow 
Date Station@ River Mileb Ft3/sec 
6-3 0-80 A 14.6 >1 
6-30-80 B 13.2 2 
6-3 0-80 G L3eL 99 
6-30-80 D 12.6 155 
6-3 0-80 E Le? 164 
7-1-80 F 11.0 168 
7-6-80 G Tied 171 
7-6-80 H 6.4 192 
7-6-80 I 5.4 211 


4- Station letters refer to letter locations 
shown on Figure ll. 


b. Distance measured upstream from confluence 
of the Colorado and Little Colorado rivers. 


APPENDIX E 
WATER QUALITY DATA FOR SPRINGS IN THE 
LITTLE COLORADO GORGE, 


COCONINO COUNTY, ARIZONA 


APPENDIX E 


WATER QUALITY DATA FOR SPRINGS IN THE LITTLE COLORADO GORGE, COCONINO COUNTY, ARIZONA 


Hc0374 
me/1 


sa,"e 
me/1 


F7e 
me/1 


(meq/1) (meq/L) (meq/1) (meq/1) 


Date Date Ca**y Mpttb Ktb Natb c1-¢ 
Spring of of mg/l mpe/1 mg/1 mp/1 me/1 
No.4 Collection Ion Analysis (meq/1)  (meq/1) (meq/1)  (meq/L) 

1 7-24-80 1-81 167 65 525 1080 1630 
(8.3) (5.3) (214) (47.0) (46.0) 

2 7-24-80 1-8] 160 66 6.5 1070 1635 
(8.0) (5.4) (90.2) (46.5) (46.1) 

3 7-24-80 1-81 67 2u5 1180 1791 
(5.5) (0.2) (51.3) (50.5) 

4 6-12-80 1-81 211 62 VA 1060 1600 
(11.0) (5.1) (0.28) (46.1) | (45.1) 

5 6-12-80 1-81 64 8.0 1090 1605 
(5.3) (.20) (47.4) (45.3) 

6 6-12-80 1-81 63 75 1070 1614 
(5.2) (.19) (46.6) = (45.5) 

7 6-12-80 1-81 64 7.5 1090 1610 
(5.3) (219) (47.4) (45.4) 

8 6-12-80 1-8) 65 7.0 1070 1628 
(5.3) (218) (46.5) (45.9) 

9 6-12-80 1-81 68 8.0 1200 1754 
(5.6) (.20) (52.2) (49.5) 

13 6-13-80 1-81 68 9.0 1250 1881 
(5.6) (.23) (54.4) (53.1) 

14 6-13-80 1-81 66 9.6 1872 
(5.4) (.25) (54.4) (52.8) 

15 6-13-80 1-81 65 9.0 1230 1867 
(5.3). (423) (53.5) (52.7) 

16 6-13-80 1-81 66 7.5 1110 1688 
(5.4) (.19) (48.3) (47.6) 

17 6-13-80 1-81 65 8.8 1250 1876 

C555): G23) (54.4) 

18 8-5-80 1-81 64 5.0 580 873 
(5.3) (213) (25.2) (24.6) 

19 3-81 3-81 251 64 s.7 510 821 
(13.0) 5.3) (€. 0S} (22.2) (23.2) 

20 6-30-80 1-81 67 9.0 559 843 
(5.3) (423) (23.9) = (23.8) 

21 6-29-80 1-81 220 67 9.0 600 899 
CEE.0) «©6«(5.5) . €.23) (26.1) (25.4) 

= ~ 237 67 6.2 830 1234 
- ii as (11.8) (5.5) (16) (36.1) = (34.8) 


590h 
(9.7) 
590 
(9.7) 


660 
(11.0) 


933 
(1553) 


815 
(13.4) 
799 
(13.1) 


223 


(4.6) 
230 
(4.8) 
240 
(5.0) 
214 
(4.5) 
221 
(4.6) 
217 
(4.5) 


Pe | 
(.016) 
3 
(.016) 


03 


4 
(.021) 


Sidyf 
me/1 


Calculated Calculated 


Lab4 2 Charge tosh 
pit Imbalance® mp/1 
7.8 0.50 3475 
7.9 ~38 3473 
7.9 
8.4 eI | 3497 
8.5 
8.5 
8.5 
8.4 
8.5 
8.4 
8.5 
B.3 
8.5 
8.4 
8.0 

-2.1 2270 
8.05 
8.05 23 2363 
3.9 2957 
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APPENDIX E (Continued) 


+++ 
Date Date Cab Mgt Kab Nath cIme ncoz~4_ —s047*@ FTE SDE Calculated Calculated 
Spring of of mg/l me/1 mp/1 mg/l m/l mg/1 me/1 mg/l mg/l Labd % Charge tnsh 
No.7 Collection Ion Analysis (meq/1) (meq/1) (meq/1) (meq/1) (meq/1) (meq/1) (meq/1) (meq/1) pil Imbal ance& me/1 
23 3-81 3-81 222 65 6.7 R60 13038 781 184 4 15 a? 3045 
(141.1) (5.3) (217) (37.4) (46.9) (12.8) (3.8) (.021) 
24 6-29-80 3-81 66 9.0 889 1325 204 wee 15 8.00 
(5.4) (.23) (38.3) (37.4) (4.2) (.016) 
25 6-29-80 1-81 65 8.0 1270 1911 237 ce 14 8.05 
(5.3) (220) (55.2) (53.9) (4.9) (.016) 
26 3-81 3-81 185 67 7,3 1249 1882 598 235 -6 14 2.6 3940 
(9.8) (S.S) (.19) (53.9) (53.1) (9.8) (4.9) (.032) 
27 6-29-80 1-81 64 6.5 1260 1994 237 4 14 8.10 
(5.3) G17) (54.8) €53.7) (4.9) (.021) 
28 6-29-80 1-81 64 8.0 1280 1890 240 Pe | 13 8.15 
(5.3) (.20) (55.7) (53.3) (5.0) (0.16) 
29 3-81 3-81 210 65 Pal 1320 1963 586 240 «5 14 4.7 4108 
(10.5) (553) (.18) (57.4) (55.4) (9.6) (5.0) (.026) 
30 6-27-31 7-81 240 67 bad 810 1166 842 168 -6 17 5.2 2889 
(12.0) (5.5) (216) = (95.2) (32.9) (13.8) (3.5) (.032) 
31 6-29-80 1-81 65 7.9 560 843 147 Pe 17 
(5.3) (.18) (24.4) (23.8) (3.1) (.016) 
32 3-81 3-81 210 67 7.1 1210 1887 604 237 +5 14 1 | 3930 
(10.5) (5.5) (218) = (52.6) (53.2) (9.9) (4.9) (026) 
33 6-22-80 1-81 61 9.9 1280 1892 244 3 14 8.25 
(5.0) C23) (55.7) (53.4) (Sc) € 016) 
35 6-22-80 1-81 65 8.0 1270 239 a) 8.30 
(5.3) (.20) (55.2) (53.4) (5.0) (.032) 
36 6-22-80 1-81 161 66 7.5 1300 1952 503 240 4 14 16I5 343 3988 
(8.0) (5.4)  (.19) (56.6) (55.1) (8.2) (4.7) (021) 
37 6-27-81 7-81 230 65 7.4 1310 2013 598 242 6 15 3.8 4177 
(11.5) (5.3) (219) (57.0) (56.8) (9.8) (5.0) (.032) 
38 3-81 3-81 206 64 6.5 710 1062 8460 157 4 17 -1.6 2646 
(19,3) (5.3) (.17) (30.9) (30.90) (14.1) (3.3) (.021) 
39 11-26-81 12-81 1A5 65 14.0 1300 1952 537 243 23 14 7.60 2.2 4017 
(8.2) (5.3) (. 36) (56.6) (55.1) (8.8) (5.1) (.016) 
40 6-21-80 1-81 66 19.5 1270 1892 239 4 14 8.14 
(5.5) | yy (55.2) (53.4) (5.0) (.021) 
41 11-26-81 12-81 170 64 14.0 1284 1955 558 246 3 14 7.60 1.0 4022 
(8.5) (5.3) (236) (55.9) (55.2) (9.1) (5.1) (.016) 


ETL 


Spring 
No. 


42 


Date 
of 


Collection 


11-26-81 


11-26-81 


6-20-80 


11-26-81 


6-20-80 


6-20-80 


11-26-81 


11-26-81 


11-26-81 


11-26-81 


11-26-81 


3-81 


11-26-81 


6-20-80 


6-20-80 


Date 
of 


Ion Analysis 


12-81 


12-81 


Ca**b 


me/t 


177 
(8.8) 
180 

(9.0) 


177 
(8 


APPENDIX E (Continued) 


Mpttb 


mg/t 


65 
(5.3) 


Ktb 
mp/L 


Nath errs 


mp /1 mg/l 
(meq/1)  (meq/1) (meq/1)  (meq/1)  (meq/1) (meq/1) (meq/1) (meq/1) 


Hc0374 


mg/1 


1280 91975 
(55.7) (55.7) 
1785 1947 
(55.9) (54.9) 
1260 «1917 
(54.8) (54.1) 
1290 = «1957 
(56.1) (55.2) 
1290 1888 

(56.1) (53.3) 
1300 )=—«-1995 
(56.6) (53.7) 
1312-1985 
(57.1) (56.0) 
1277. 1952 
(55.6) (55.1) 
1246 1889 
(54.2) (53.3) 
1225 1785 
(53.3) (50.4) 
1298 1987 


(56.5) (56.1) 
7400 = 10500 
321.9) (296.2) 
1340 1947 
(53.9) (54.9) 
1350 1943 
(58.7) (54.8) 
1290 1915 
(56.1) (54.0) 


$0,7@ FTP 
mg/l mg/l 


240 3 
(5.0) (.016) 
246 3 
(5.1) (.016) 
244 3 
(5.1) (.016) 

247 3 
(5.1) (.016) 
245 «3 
(5.1) (.016) 
240 3 
(5.0) (.016) 
246 23 


(5.1) (,016) 
24 


260 4 
(5.4) (021) 
255 3 
(5.3) (.016) 
269 «4 
(5.6) (.021) 
2755 4.4 
(57.4) (.23) 
272 4 
(5.7) (021) 
273 4 
(5.7) (.021) 
265 3 
(5.5) (.016) 


sio,f 
mg/L 


Lab 
pH 


8.50 


Calculated Calculated 


% Charge tosh 
Imbal ance8 me/1 
0.0 4050 
20) 4033 
1.4 4043 
2.8 4075 
0.0 4072 

7 3984 

3.8 3836 
1.0 4096 
-1.6 23031 
=.9 4001 


cll 


Spring numbers refer 


Analyses made by the 
time of analysis. 


Analyses made by the 
Analyses made by the 
Analyses made by the 


Analyses made by the 
analysis. 


to the 


author 


author 


author 


author 


author 


APPENDIX E (Continued) 


numbered locations shown on Figure 10. 


using an Instrumentation Laboratory aa/ae spectrophotometer model 151. The results are accurate to within + 2% at the 


using a Bucher-Catlave chloridometer model 4-2000. The results are accurate to within + 2% at the time of analysis. 
using a Brinkman Potentiograph model E-436. The results are accurate to within + 2% at the time of analysis. 
using a Dionex ion chromatograph System 14. The results are accurate to within + 2% at the time of analysis. 


using a Varian Techtron UV-visible spectrophotometer model 635. The results are accurate to + 10% at the time of 


Negative numbers indicate a calculated excess of anions, positive numbers indicate a calculated excess of cations. 


In order to convert total dissolve solids by summation to total dissolved solids by residue on evaporation, HC0O3 is multiplied by .4917. 


etl 


APPENDIX F* 
WATER QUALITY DATA FOR WELLS DEVELOPED IN THE 
WESTERN PART OF THE BLACK MESA HYDROLOGIC BASIN, 


COCONINO COUNTY, ARIZONA 


*Sources of data include: U. S. Geol. Survey, Flagstaff, Arizona; 
McGavock (1968); Farrar (1979, 1980); and Appel and Bills (1981). 


APPENDIX F 


WATER QUALITY DATA FOR WELLS DEVELOPED IN THE WESTERN PART OF THE 
COCONINO COUNTY, ARIZONA 


Well 


7 


Date 


Catt 


of me/1 


4-20-51 120 


(6.0) 
8-30-70 110 
(5.57 
6-20-58 77 
(3.8) 
5-4-55 95 
(4.7) 
5-12-66 95 
(4.7) 
5-12-66 102 
(5.1) 
8-1-66 85 
(4,2) 
11-12-66 46 
(3.3) 
10-5-66 212 
(10.6) 
11-27-68 70 
¢3.5) 
11-27-57) 34 
G17) 
11-10-6697 146 
(7.3) 
10-26-54 67 
(3.3) 
1-25-6749 102 
(5.1) 
1979 76 
(3.8) 
148 
(7.4) 
1978 61 
(3.0) 
93 
(4.6) 


Mpt* 
me/1 
No®___Analysis (meq/t) _(meq/t) (meq/1)_ (meq/1) (meq/1)(meq/1) (meq/1) (mea/t) 


Kt 


mr/t 


Nat 


me/1 


ei- HC037> = $0477 F~ 
mp/Lsomp/I me/1l mp/1 
1500 300 2460 +3 
(42.4) (4.9) (5.4) (.02) 
1400 300 240 «4 
(39.5) (4.9) (5.0) = (.01) 
24 414 6 a 
(.68) (7.2) (.75) (.04) 
1400 = 265 250 5 
(39.5) (4.3) (5.2) ©€..03) 
70 527 43 4 
(2.0) (8.6) (0.9) (.02) 
68 532 43 a) 
(1.9) (8.7) (2.9)  (.03) 
58 564 39 mn) 
(1.6) (9.2) (.8) 9 (01) 
2150 276 280 <5 
(60.7) (4.5) (5.8) (.03) 
98 890 92 8 
(2.8) (14.6) (1.9) (.04) 
442 296 202 1.0 
(12.5) (4.9) (4.2) (05) 
88 =: 362 51 2. 
(2.5) (5.9) (1.1) (04) 
4200 = 284 450 4 
(118.5)(4.7) (9.4) (02) 
408 = 240 198 8 
(11.5) (3.9) (4.1) (04) 
90 452 83 -5 
(2.5) (7.4) (1.7) (03) 
405 243 219 “2 
(11.4) (4.0) (4.6) (.01) 
5 644 3 4 
(.14) (10.6) (.06) (.02) 
220 190 230 4 
(6.2) (3.1) (4.8) (.02) 
604 172 270 -6 
(17.0) (2.8) (5.6) (.03) 


Si0, 
me/1 


13 


BLACK MESA HYDROLOGIC BASIN, 


Calculated 
% Charge 
Imbalance? 


Calculated 
TNs¢ 
Meg/\d 


3075 


2847 


1120 


1141 


-4.5 809 


1494 


CTT 


APPENDIX F (Continued) 


Date Cat® MR’? Kt Nat CI HC03~ = S04-- EF Si02 Calculated Calculated 

Well of mg/1 me/1 mp/1 me/1 me/1 mg/l mg/L mge/1 me/1 % Charge TDs¢ 

No® Analysis (meq/1) (meq/1) (meq/1) (meq/L) (meq/1) (meq/1) (meq/1) (meq/1) Imbalance Mg/1ld__ 

40 6-10-5149 104 59 365e 598 201 275 a2 12 1512 
(5.2) (4.9) (15.9) (16.9) (3.3) (5.7) (01) 

al 5-7-55 83 62 259e 395 235 262 =i2 13 1190 
(4.1) (5.1) (11.3) (1E.1) (3.9) (5.5) (01) 

42 5-11-54 91 48 141e 228 220 219 4 13 848 
(4.5) (4.0) (6.1) (6.4) (3.6) (4.6) (02) 

48 6-14-65 53 22 B53 9.3 4.9 290 3.2 as -0.6 239 
(2.6) (1.8) (.09) (.4) (214) (4.8) (.07) (.01) 

49 10-31-78 52 30 1.8 5.4 7.2 290 3.0 <a 6.2 243 
(2.6) (253) (.05) (.23) (.2) (4.8) (206) (.01) 

51 1-11-6749 28 14 6.28 12 146 7.0 a2 15 154 
(1.4) (5.2) (.27) (2.34) (2.4) (2.15) (.01) 

52 8-9-6249 24 1 1.6 12 19 110 7.2 53 12 5.8 141 
(1.2) (.9) (.04) (.52) (.54) (1.8) (215) (.02) 

53 7-18-65 49 53 33e 25 182 221 «3 «3 470 
(2.5) (4,4) (1.4) (2.71) (3.0) (4.6) (.02) 

56 10-20-5449 45 25 22¢ 19 138 116 11 306 
(2.3) (25.1) (1.0) (2.5%) (2.3) 9 (2.4) 

57 11-20-5349 41 20 4.1e 4.5 211 11 12 197 
(251) C1s7) (.18) (.18) (3.5) 9 (23) 

58 4-14-5349 = 94 44 6 100 208 230 a2 12 645 
(4.7) (3.6) (2.7) (2.8) (4.4) (2.8) (.01) 

59 8-9-5449 102 49 214e 340 209 258 2 13 1079 
(5.1) (4.0) (9.3) (9.6) (3.4) (35.4) (02) 

61 11-2-534 94 44 2Ae 3 217 235 6 13 554 
(4.7) (3.6) (1.1) (3.6) (4.9) (1.0) (.03) 

62 10-31-5549 23 5.5 5.5e 2.8 97 6.4 A | 12 103 
(1.2) (.45) (32°) (.0%) (1.6)  (.13)  (.01) 

64 12-15-5449 21 13 7.48 3.0 140 269 eZ 21 137 
(1.1) (1.1) (232) (.08) (2.4) (.05) (.01) 

66 4-3-5849 31 13 15° 5 178 9.1 3 56 217 
(1.6) (1.1) (.65) (.14) (2.9) (.19)  (.02) 

74 9-6-78 34 22 1.4 8.7 14 160 4.9 Ai 23.0 164 
(1.7) (1.8) (.04) (.38) (39) (2.6) G0) (or) 

76 42 21 5e 15 195 20 18 199 
(2.1) Che (.22) (.42) (3.2) (42) (.01) 


9TT 
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CT 


Date Ca** up?* kt Nat CI- = HCO3— = S04-- FT Si, Calculated 
Well of me/1 mp/1 mg/L mp/1 me/1 mg/t me/t me/1 mg/l % Charge 
No* Analysis (meq/1)  (meq/L) (meq/1) (meq/1) (meq/1)(meq/1) (meq/1) (meq/1) Imbal ance> 
77 9-5-78 35 27 1.2 9.6 19 180 6.7 at 19.4 
(1.8) (2.2) (.03) (.42) (.54) (3.0) (2.14) (.01) 
80 5-16-6469 31 18 7.6& 21 156 10 ea | 13 
(1.6) (1.5) (.33) (.59) (2.6) (.21) (.01) 
85 9-7-5049 102 63 62e 58 148 424 2 12 
(5.1) (5.2) (2.7) (1.6) (2.4) (8.8) (.01) 
88 4-22-5549 67 40 100¢ 48 190 312 4 1 
(3.3) (3.3) (4.4) (1.4) (3.1) (6.5) (.02) 
95 2-14-634 44 25 1.9 6.4 78 256 5.6 4 13 0.7 


(4.6) (4.6) (.05) (.28) (2.22) (2.12) (2.12) (.02) 


Calculated 


TNs 
Me/id 


188 
178 


7194 


a ae LE ee D 
nr 


a. Well numbers refer to the numbered locations shown on Plate IV. 


b. Negative numbers indicate a calculated excess of anions, positive numbers indicate a calculated excess of cations. 


constituent that is calculated, no error was calculated. 


If the analysis contained a 


c. This number is total dissolved solids by residue on evaporation, total dissolved solids by summation is converted to total dissolved solids by 


residue on evaporation by multiplyirs, HC03 - concentration, in mg/l, by .4917. 


d. Date of collection. 


e. Calculated. 
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SPRING 
3165, e/evation of spring in feet 
cSove sea fevel Deta corresponds 
to data fisted on Appendix C. 


LS 
Nd 


Vfi . 
y 
4 . 
¢ Vo A 
é “) : 
f d 
“A a 1 


——35°30' 


° 


Sea “) Re KZ 


We 


Soe AB 


YM > z 
= - 
S005.-7~ itt 


(ita Ge 
SEE BAAS TUN D 
es te Uh oe 
; ay 


Le] 
Tha N MN 
5 © 5 ile) 15 20 Statute Miles 
5 C) 8 10 15 20 26 30 Kilometers” 
i. | 


CONTOUR INTERVAL 200 FEET 
WITH SUPPLEMENTARY CONTOURS AT 100 FOOT INTERVALS 


William D. Loughlin 
Univ. Wyo. M.S. Thesis 
i983 


PLATE V. POTENTIOMETRIC SURFACE ASSOCIATED WITH THE COCONINO AQUIFER IN THE WESTERN PART OF THE 
BLACK MESA HYDROLOGIC BASIN, COCONINO COUNTY,” ARIZONA. 
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PLATE VI. CHEMICAL COMPOSITIONS AND TOTAL DISSOLVED SOLIDS OF GROUND WATER IN THE COCONINO 
AQUIFER IN THE WESTERN PART OF THE BLACK MESA HYDROLOGIC BASIN, COCONINO COUNTY, 
ARIZONA. 
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IN THE WESTERN PART OF THE BLACK MESA 


ELEVATIONS OF THE TOP OF THE KAIBAB FORMATION 


HYDROLOGIC BASIN, 


ARIZONA. 
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COCONINO COUNTY 


EXPLANATION 


FAULT 


U, upthrown side; 


D, downthrown side. 


ANTILCLINE 
Trace of axial plane and direction 


SYNCLINE 
Trace of axial plane and direction 


of plunge. 


of plunge. 


MONOCLINE 
Trace located approximately midway 


We 59; 


aay ; 


between anticlinal and synclinal 
hinges of fold. Length of arrows 
indicates the distance between the 
anticlinal and synclinal hinges 


@ 
BRECCIA PIPE 
Breccia is exposed. Only Breccia Pipes 


where they are exposed on the ground. 
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with diameters greater than 2000 
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INSTITUTE OF ATMOSPHERIC PHYSICS, UNIVERSITY OF ARIZONA, 
AND THE U. S. DEPARTMENT OF COMMERCE, WEATHER BUREAU, 
CLIMATOGRAPHY OF THE UNITED STATES NO. 20-2 


LATITUDE: 35° 22° P 
LONGITUDE, 1119 40! CLIMATOLOGICAL SUMMARY STATION: FLAGSTAFF 
ELEV (GROUND): 6903 feet STATIONNO: 02-3007-2 


MEANS AND EXTREMES FOR PERIOD 1899 - 1951 


mean 
relative 
humidity 
(percent) 


oxrxzrue 
eco #ene 
wxrrzue 


fFreoooo eoocerwn 


wsnoooo 
o0zOouMru 


ozouru 


(a) Averoge length of record, years. # Also on earlier dates, months, or years. 
T Trace, an amount too small to measure. * Less than one heif. 
** Bose 6S FF. 
CLIMATE OF FLAGSTAFF, ARIZONA 1988 - 195} 


Plagstaff is located at an elevation of about 6900 feec on @ volcanic nlateau in north-central Arizona. 
It lies in the center of the largest standing forest of ponderosa pine in the United States. Spectacular 
scenery and prime recreational areas surround the tawn on all sides, Ten miles to che north lie the towering 
San Francisco Mountains, which include majestic Humphreys Peak, the highest poine in the scace ac an elevation 
of over 12600 feet. Further to the north, sixty miles from Flagstaff across the forested Coconino Plateau, 
is the incomparable Grand Canyon National Park. The terrain slopes gently downward for thircy miles to the 
east and northeast into the sagebrush covered valley of the Lictle Colorado River. On the east side of chis 
valley lies the famous multi-colored Painted Desert. To the soucheast of Flagscaff may be found che lake- 
scudded high plateau country of Coconino National Forest. Hutch Mountain in this forest rises to an elevation 
of 8650 feet. Oak Creek Canyon, second only to the Grand Canyon in beauty and marvelous coloring, is located 
fifteen miles to the south-southwesc. It lies about halfway becween Flagstaff and the broad Verde River Valley 
which is oriented in a general northwest to southeast direction, paralleling the Little Colorado Kiver Valley 
to the northeast of Flagscaff, Thirty miles to the west, in Kaibab National Forest, Bill Williams Mountain 
rises to an elevation of 9264 feet. 


Unlike the desert towns to the northeast and southwest, Plagstaff receives enough precipitation during 
an average year to support a lush growth of vegetation. The most consistently wet period occurs during the 
summer months. From early July until early September afternoon thunderstorms develop almost daily over che 
rugged terrain surrounding Flagstaff. These storms, which are normally associated with moist, tropical air chat 
flows into Arizona from the Gulf of Mexico, rarely last longer than 30 minutes. However, several may occur 
on a single afternoon, producing two or three hours with almost continuous precipitation, The sky usually 
clears rapidly after sunset. Some of the more prolonged and steady rains of summer are associated with weak 
tropical discurbances that move northward from the Pacific Ocean. These storms occur very infrequently and 
are absent in most summers. 


Flagstaff also receives abundant precipitation during the winter, although amounts are quite variable 
from one year to the next, The most severe weather is aésociated with middle latitude storms that enter the 
stace from the wesc after picking up considerable moisture from the Pacific Ocean, These storms are capable 
of producing gentle to moderate precipitarion which may continue incermittently for several days, About 75 
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TOTAL PRECIPITATION (INCHES) FOR FLAGSTAFF, ARIZONA 


1920 | 2.20 3.11 | 0.61 | 0.53 19,33 
1921 | 1.33 1.06 | 1.01 | 2.00 22.43 
1922 | 4.78 3.25 | 0.97 | 1.20 25.07 
1923 | 2.39 1.59 | 1.09 | 0.32 21.07 ! 
we | 0.3% 1.80 16.74 F 
1225 | 0.13 01 19.08 f 
1926 | 0.23 18 16.58 
1927 | 0.82 87 23.83 u 
ie 1928 | LLL 35 14.88 h 
1999 | 1.76 65 15.52 
1930 | 2.93 41 21.55 | 
1951 | 0.47 225 20.34 4 
sae | 1.26 bu 21.97 i 
"4933 | 2096 06 15.60 1 
eal 1936 | 0.59 40 14.80 
{ 
1955 | 3.65 wt | 1.45 | 0.72 0.99 0.57 | 0.56 | 16.72 i 
1946 | 0.22 63 | 0.10 | 0.09 4.36 0.43 | 3.00 | 19.30 Ht 
1947 | 3.19 87 | 0.16 | 0.31 2.69 0.08 | 1.3: | 19.42 i 
1936 | 1.39 39 | 0.40 | 0.13 2.12 0.28 | 2.84 | 20.58 ; 
1959 84 1.45 | 0.03 | 12.91 } 
it 
1840 0.92 | 3.146 | 21.22 i 
i911 o.a1 | 2.11 | 25.2 i 
142 0.24 | 1.38 | 9.50 
1643 0.19} 2.51 | 17.78 
Pag 1K4 1.96 | 1.82 }| 17.50 i 
| 
1945 0.08 | 2.27 | 17.61 
1546 | 1.60 | 1.15 | 22.74 ! 
1947 0.88 | 2.02 | 13.13 
148 tT | 32.38 | 15.35 
i929 0.86 | 1.49 | 26.49 
1950 1.22 0.00 | 0.42 | 0.00 
i95L 


, 
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CLIMATOLOGICAL SUMMARY 


FLAGSTAFF WSO AIRPORT LATITUDE: 35° 0¢ 
MEANS FOR PERIOO 1950 - 1970 EXTREMES FOR ._ (00 1950 - 1972 LONGITUDE: 111° 4c 
3010 ELEY. (FT): 700€ 


Mean number of days 


[| 


Precipitation Totals (Inches) 


23 21 23 


Daily 

minimum 

Record 

highest 

Record 

lowest 

Mean degree days** 


2 
| 


(ar 24 21 21 23 23 20 21 21 20 20 22 20 (8 
JAN 62.2 14.6 28.4% 66 1971 -22 1971 1128 1.87 1.73 1952 16.9 46.3 1955 66 63 5 0 6 30 & Je 
FEB 4e.T 16.9 30.8 67 1963 -16 1965° 964 1.50 1.59 1965 13.9 42.1 1969 66 56 6 0 3. 28 ie FF 
MAR 48.6 20.1 S4e 73° 1966 -16 1966 948 1.87 2.81 1970 19.3 67.% 1970 66 46 5 \] 2 30 1 “a 
APR $7.5 26.5 42.0 78 1962 0 1965 689 1.33 1.22 1963 9.4 58.3 1965 59 35 4 0 # 28 * ae 
MAY 67.1 33.14 50.1 67 1951 16 61955 452 0.59 Leii 1965 261 7eL 1951 50 25 2 0 0 15 oma 
JUN 76.8 40.6 58.7 96 #1978 22 1955° 194 0.455 2.40 1956 T T 1955 4s 2? 1 1 4 3 a Jt 
Juu 61.1 50.6 65.9 9% 1972 32 «1955 26 2.50 2.55 1964 tT T sss 5A “tL 7 1 0 + @ Ju 
AUG 78.3 49.0 63.7 89 1972% 2% 1968 63 2.81 2.26 1951 T r 19582 70 50 7 0 0 + 0 aU 
SEP 73.6 40.7 57.3 90 61950 23> 1971° 222 1.69 2.8% 1970 Q.t 2.0 1965 47 &2 4 + 4 3 9 SF 
oct 64.3 30.5 47.4% 83 1950 -2 1971 546 1.11 1.85 1959 0.9 26.7 1971 62 41 3 0 * 20 0 0c 
NOV Stoo 21.6 36.5 72 1967 <-13 1958 854 1.58 1.91 1965 6.9 25.0 1952 60 52 4 " 1 2A 1 N90 
oec 44.0 16.0 30.0 68 1950 -18 1971 1087 2.20 2.95 1951 15.4 86.0 1967 67 62 s 0 5 30 2 oF 
JUN JAN oEC oEec 
YEAR 60.8 30.0 45.4 96 1970 -22 1971 7173 19.80 2.95 1951 B4.4 86.0 1967 6t 45 50 2 15 217 £0 YE 
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CLIMATE OF FLAGSTAFF WSO AIRPORT, ARIZONA 9 SQ- FP. 


Flagstaff is located at an elevation of about 7000 feet on a volcanic plateau in north-central Arizona. [t lies in the cente 
of the largest standing forest of ponderosa pine in the United States. Spectacular scenery and prime recreational areas surround 
the town on all sides. Ten miles to the north lie the towering San Prancisco Mountains, which include majestic Humphreys Peak, 
the highest point in the state at an elevation of over 12600 feet. Further to the north, sixty miles from Flagstaff across the 
forested Coconino Plateau, is the incomparable Grand Canyon National Park. The terrain slopes gently downward for thirty miles to 
the east and northeast into the sagebrush covered valley of the Little Colorado River. On the east side of this valley lies the 
famous multi-colored Painted Desert. To the southeast of Plagstaff may be found the lake-studded high plateau country of Coconino 
National Forest. Hutch Mountain in this forest rises to an elevation of 8650 feet. Oak Creek Canyon, second only to the Grand 
Canyon in beauty and marvelous coloring, is located fifteen miles to the south-southwest. It lies about halfway between Flagstaff 
and the broad Verde River Valley which is oriented in a general northwest to southeast direction, paralleling the Little Colorado 
River Valley to the northeast of Flagstaff. Thirty miles to the west, in Kaibab National Forest, Bill Williams Mountain rises to 
an elevation of 9264 feet. 


Unlike the desert towns to the northeast and southwest, Flagstaff receives enough precipitation during an average year to 
support a lush growth of vegetation. The most consistently wet period occurs during the summer months. From early July until 
early September afternoon thunderstorms develop almost daily over the rugged terrain surrounding Flagstaff. These storms, which 
are normally associated with moist, tropical air that flows into Arizona from the Gulf of Mexico, rarely last longer than 30 
minutes. However, several may occur on a single afternoon, producing two or three hours with ,almost continuous precipitation. 
The sky usually clears rapidly after sunset. Some of the more prolonged and steady rains of summer are associated with weak 
tropical disturbances that move northward from the Pacific Ocean. These storms occur very infrequently and are absent in most 
summers. 


Plagstaff also receives abundant precipitation during the winter, although amounts are quite variable from one year to the 
next. The most severe weather is associated with middle latitude storms that enter the state from the west after picking up con- 
siderable moisture from the Pacific Ocean. These storms are capable of producing gentle to moderate precipitation which may 
continue intermittently for several days. About 75 percent of Plagstaff's winter precipitation falls as snow, Amounts in the 
mountains to the north are great enough to provide good skiing conditions from November through March. 


Summers at Flagstaff are very pleasant and refreshing, attracting many visitors from the torrid southwestern part of the 
state. The temperature normally varies from the middle or upper forties in the early morning to the high seventies in the after- 
noon. Only in July does the average daily maximum exceed 80 degrees, and then by only 1.1 degrees. Readings in the nineties 
occur infrequently and are completely absent in most summers. Some supplemental nighttime heating is usually required even during 
the warmest months, since late evening temperatures often fall into the low forties or upper thirties. 


Because of its 7000-foot elevation and the presence of an extensive snow cover, Plagstaff has a chilly winter climate. . 
Temperatures normally remain below freezing during the greater part of the day and occasionally fall to sero degrees or lower in 
the early morning. Sub-sero minima have occurred in all winter months, going as low as -22 degrees on January 4, 1971. Although 
afternoon temperatures are usually in the low forties, it is possible for readings in the high fifties or low sixties to occur 
during warmer periods. 


The following table gives some information on the normal dates of first and last occurrences of certain critical minimum 
temperatures in the fall and spring, respectively, at Flagstaff. F : 


temperature normal date of first normal date of last 
(°P) occurrence in fall occurrence in spring 
32 Oct. 2 June 8 
28 Oct. 10 May 22 
24 . Oct. 22 Apr. 28 
20 Nov. 3 2 Apr. 18 
16 Nov. 13 Apr. 2 
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YEAR 
1950 


1952 
1952 
1953 
1954 
1955 


1956 
1957 
1958 
1959 
1960 


1961 
1962 
1963 
1964 
1965 


1966 
1967 
1966 
1969 
1970 


1971 
1972 


YEAR 
1950 


1951 
1952 
1953 
195% 
1955 


1956 
1957 
1958 
1959 
1960 


1961 
1962 
1963 
1964 
1965 


1966 
1967 
1968 
1969 
1970 


1971 
1972 


AVERAGE MONTHLY TEMPERATURES (F) FOR FLAGSTAFF WSO ATPPORT 


JAN FcoB MAR APRIL MAY JUNE JULY 

34.8 37.7 46.2 48.6 56.0 64.2 
28.7 31.0 34.6 62.2 50.7 56.7 67.8 
25.8 28.0 24.6 43.1 52.3 57.8 63.7 
35.1 30.6 3661 41.9 45.0 59.0 66.4 
26.5 34.6 52.3 46.3 53.0 5B.& 66.5 
22.2 22.5 34.9 40.0 4Bel 55.9 61.7 
33.2 26.3 36.9 40.6 51.7 61.0 64.3 
2946 37.2 37.6 4.2 45.9 60.0 64.8 
30.5 3eet 30.7 40.6 53.9 Elet 65.8 
31.4 27.2 37.3 45.7 449.8 61.8 67.5 
22.7 25. 39.4 43.7 50.5 €2.3 67.4% 
30.2 33.8 3469 Goel GBA 63.1 66.7 
2761 30.3 26.1 47.6 46.90 58.2 64.6 
25.4 36.7 34.5 39.6 52.7 56.3 68.0 
25.3 26.6 30.5 39.7 49e% 57.6 66.9 
JL.& 29.7 33.0 39.2 46.7 53.0 65.0 
23.5 2561 37.2 44.7 53.7 S9e1 66.4 
2901 35.3 39.0 37.6 GA.? 56.2 66.6 
25.5 35.8 37.0 40.3 50.2 $9.9 64.9 
31.6 25.6 27.3 &L.7 52.4% 57.9 66.2 
30.9 37.1 33.7 37.5 52.6 60.4% 67.7 
29.3 Siet 37.0 61.9 46.8 58.7 67.5 
26.4 31.6 40.0 39.8 46.4 57.6 66.5 


TOTAL PRECIPITATION (INCHES) FOR FLAGSTAFF WSO AIRPORT 


JAN FEB MAR APRIL MAY JUNE JULY 
1.29 1.01 0.28 0.35 0.37 Je 42 
1.61 0.99 0.91 1.74 1.00 T 447 
3.48 0.82 3.03 1.63 T 6.09 2.10 
0.465 0.38 0.87 1.16 0.27 T 2.50 
1.97 1.27 3.90 0.60 0.46 1.17 3.51 
2.67 1.56 0.17 @.51 0.21 2.92 3.49 
1.62 1.06 0.12 0.86 0.17 2.79 1.19 
6.46 0.85 6.92 1.046 2.02 1.59 1.57 
0.22 3.06 2.96 1.23 0.65 0.70 0.75 
0.34 3.63 0.08 1.49 0.64 0.77 2.93 
1.03 1.82 0.66 1.36 0.71 0.39 0.96 
1.15 G.12 2.89 0.35 0.28 0.37 
2.65 4015 1.30 0.09 0.99 0.52 
0.96 1.28 1.03 2.13 6.05 T 
1.07 0.146 3.08 2.17 0.8% 0.17 
3.05 2.34 3.33 5.62 1.88 0.30 
1.10 1.06 0.95 0.27 T 0.21 
0.93 T Lei 1.98 0.61 1.05 
1.55 1.29 1.15 2.09 0.55 0.16 
4.63 3.91 3.09 O.i1 1.06 0.01 
0.51 0.61 6.75 1.16 T 0.07 2.58 
0.04 1.68 0.25 0.55 1.23 0.00 1.97 
0.06 0.02 T 0.72 O.16 1.93 1.90 


AUG 
62.2 


62.6 
6404 
62.6 
61.6 
64.4% 


60.8 
63.4% 
66.4 
62.9 
65.3 


6461 
66.9 
63.8 
63.3 
63.7 


65.2 
64.4% 
59.5 
65.1 
66.3 


66.8 
62.9 


AUG 
1.467 


5.50 
2.92 
4.21 
1.53 
3.73 


1.42 
1.65 
3.02 
4.96 
3.28 


3.37 
0.26 
4.96 
1.32 
1.01 


3.55 
2.68 
1.13 
1.90 
5.15 


4o48 
2.82 


SFPT 
54.7 


57.9 
54.3 
57.7 
57.8 
57.6 


61.5 
57.4 
57.0 
56.4 
59.7 


53.8 
S47 
59.2 
56.7 
53.8 


58.6 
$7.9 
55.9 
53.2 
S4.6 


53.0 
56.7 


ocT 
52.1 


46.6 
Si.t 
44.9 
48.5 
49.3 


45.6 
45.3 
48.4 
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October 27, 1987 


Mr. F. Dale Robertson > 

Chief of the Forest Service EN (0461 
U. S. Department of Agriculture 

Washington Office 

12th and Independence SW 

Washington, D. C. 20013-6090 


Re: Canyon Mine Appeal to the Chief of the Forest Service -- 
Surface Water Issues 


Dear Mr. Robertson: 


At the request of Mr. Brad L. Doores of Energy Fuels Nuclear, 
Inc. I have reviewed the comments made on behalf of the Havasupai 
Tribe and the Hopi Tribe relating to the surface water analysis 
contained within the Final Environmental Impact Statement for the 
Canyon Mine. Specifically, I have reviewed the comments made by 
Sparks & Siler at page 35 of its Request for Stay, Notice of 
Appeal and Statement of Reasons dated September 25, 1987 filed 
with the Chief of the Forest Service, as well as Exhibit B there- 
to, and the allegations and assertions made by Arnold & Porter on 
behalf of the Hopi Tribe at pages 17-21 of its Notice of Appeal, 
Request for Oral Presentation, and Request for Extension of Stay, 
as well as Exhibit A thereto. 


The comments made in these documents do not appear to reflect 
a complete review of the surface water analysis contained in the 
record for the Canyon Mine, including my report to the Forest 
Service dated July, 1985 entitled "Downstream Hydrologic Impacts 
of Proposed Canyon Mine". In my view, the analysis of the poten- 
tial for surface water impacts undertaken by the Forest Service 
as part of the administrative record was adequate, given the 
nature of the activities and the site specific conditions to 
assure a high margin of safety against any failures of the diver- 
sion structures, particularly when coupled with the alternative 
surface water design selected by the Forest Supervisor and the 
mitigation measures imposed. , 


For completeness, I have responded to each of the specific 
comments made by Sparks & Siler and Arnold & Porter relating to 
surface water. 
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Sparks & Siler, Page 35, Paragraph 3 


The surface water analysis is based on a widely accepted 
engineering procedure for estimating flood peaks. Actually, the 
storm of August 14, 1984 produced a peak flow far less than the 
design peaks for Canyon mine presented in Table 2 of my report: 
"Downstream Hydrologic Impacts of Proposed Canyon Mine." The 
1984 storm provided a valuable observation to compare against 
these computed flood peaks. 


Sparks & Siler, Page 35, Paragraph 4 


The 500-year event was computed using a widely-used engineer- 
ing method relying on field reconnaissance of the area, site 
specific watershed and soils data, and carefully researched 
regional rainfall estimating procedures. An analysis of down- 
stream impacts presented in the EIS has_ shown that residual 
effects from Canyon mine flooding become extremely small a short 
distance downstream from the mine. Beyond approximately 16 miles 
these effects are not measurable after a general rainfall of 
large magnitude. 


Kreamer Letter (Exhibit B), Page 3, Paragraph 4 


Flood peaks and volumes which the conceptual drainage plan 
was based were computed using widely accepted Soil Conservation 
Service hydrologic method. Local watershed characteristics 
required in this procedure were developed from field reconnais- 
sance of the site, local soils data, and accepted rainfall 
estimating procedures. The Roeske regional method was used only 
as a basis for comparison. The data summarized in Table 2 of my 
report appear to support Kreamer’s statement that the Roeske 
procedure underestimates flood peaks on the larger watersheds 
(see comparisons between Roeske and SCS procedures for Nodes 3 
and 4 for example assuming an AMC III general storm. However, 
it is interesting to note that at Nodes O and i, which drain 
smaller watersheds, Roeske compares favorably with the SCS method 
for both the AMC I thunderstorm and AMC III general storm. 


Arnold & Porter, Page 18, Paragraph i 


Aside from the issue of using the "probable maximum flood" as 
a criterion for design, many of Mr. Jones’ concerns have to do 
with engineering specifications and final design of the proposed 
drainage and flood control facilities. The EIS presented a 
conceptual flood control and drainage plan. In drafting the EIS, 
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it was assumed that the project will be constructed using 
engineering design standards, inspection, and maintenance 
procedures which will address Mr. Jones’ concerns. 


Arnold & Porter, Page 19, Paragraph i 


Selection of the 500-year event for design is reasonable and 
prudent for the following reasons: 


° The project design life is short (10 years) compared to 
a dam which is generally designed for a project life of 
100 years or more. 


° The proposed berms are not impoundment structures as a 
dam where a breach would release devastating quantities 
of water at high velocity. 


° There would be no loss of life in the event of an 
unlikely failure of the drainage facilities. 


° The maximum flood considered by the Federal Emergency 
Management Agency (FEMA) in studies of this nature is 
the 500-year flood. 


Arnold & Porter, Page 19, Paragraph 2 


It is intended that the proposed embankments be constructed 
to an engineering standard appropriate for this type of struc- 
ture. Riprap will be of the proper size and gradation to 
adequately resist the scouring action of design flows at all 
locations along the perimeter that are exposed to flooding. 


Arnold & Porter, Page 20, Paragraph 1 


The 2.8 acre feet required to store the 100-year AMC III 
event is one-half that of the minimum capacity stipulated by the 
Forest Service (6 acre feet). Beyond that, the perimeter of the 
entire mine area will be bermed to prevent unlikely overflows 
from entering natural stream channels. 


Arnold & Porter, Page 20, Paragraph 2 and Page 21, Paragraph i 


See my discussion under Sparks and Siler, Page 35, Paragraph 
4 and Errol L. Montgomery & Associates, Inc.: "Responses to 
Comments on the Canyon Mine EIS Made on Behalf of the Hopi Indian 
Tribe," October 27, 1987, page 3. 
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Wright Water Engineers Letter, Page 1, Paragraph 1 

No significant additional sediment loading to streams and/or 
runoff problems are anticipted. It is assumed that the 
preventive controls for off-site construction summarized on page 
16 of my report and other Forest Service standards having to do 


with drainage, stream crossing, logging practices, and 
revegetation will be implemented. 


Wright Water Engineers Letter, Page 2, Paragraph 3 


See my discussion under Arnold and Porter, Page 19, Paragraph 


Wright Water Engineers Letter, Page 4, Paragraph 10 


Riprap should be placed at all locations that flood flows 
from the 500-year event impinge on the berms (see sections A and 
B and discussion of controls on page 16 of my report). 

At these locations, it should be designed for a minimum-sized 
rock which will not be washed out, and for a maximum-size and 
gradation so as to prevent underscour of the fill material. It 
should be noted that flow characteristics at sections A and B are 
presented on page 14 of my report for use in final design. 


Wright Water Engineers Letter, Page 4, Paragraph 12 


See my discussion under Arnold and Porter, Pages 20 and 21. 


Wright Water ineers Letter, Page 5, Paragraph 13 


See my discussion under Arnold and Porter, Page 19, Paragraph 


Wright Water ineers Letter, Page 5, Paragraph 14 


See discussion under Page 4, Paragraph 10. 
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Wright Water Engineers Letter, Page 5, Paragraph 15 


The first statement refers to local flow patterns at the 
mine, whereas the second indicates that the Canyon mine is on a 
small tributary of the much larger Little Red Horse Wash. 


Wright Water Engineers Letter, Page 5, Paragraph 16 


Soils data were obtained from a 1979 U. S. Forest Service 
Soil Survey Report (see VII. References). Soils on the study 
watersheds all are in Hydrologic Soil Group Classification D 
(Table 1). The SCS Runoff Curve Number used for this classifica- 
tion was 68 for an AMC I thunderstorm and 93 for an AMC III 
general storm. 


Wright Water Engineers Letter, Page 6, Paragraph 1 


The magnitude of the August, 1984 event was determined by 
area-slope measurements. The discharges in Table 2 of my report 
were developed using standard engineering techniques for 
estimating rainfall of larger magnitude (see Table 1). These 
latter estimates formed the basis for conceptual design of the 
facilities proposed in the EIS. 


If you have any questions or require further discussion on 
these matters, please contact me. 


Very truly yours, 


C. F. Leaf, P.E. 
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Mr. F. Dale Robertson 

Chief of the Forest Service 

U. S. Department of Agriculture 
Post Office Box 2419 

12th and Independence SW 
Washington, D. C. 20013-6090 


Dear Mr. Robertson: 


At the request of Mr. Brad L. Doores of Energy Fuels Nuclear, 
Inc., I have reviewed the comments made on behalf of the 
Havasupai Tribe and the Hopi Tribe relating to the surface water 
analysis contained within the Final Environmental Impact State- 
ment (FEIS) for the Canyon Mine. In addition, at Mr. Doores’ 
request, I have forwarded copies of this letter directly to the 
parties identified on the attached list. 


Specifically, I have reviewed the comments made by Sparks & 
Siler on behalf of the Havasupai Tribe at page 35 of its Request 
for Stay, Notice of Appeal and Statement of Reasons dated 
September 25, 1987, as well as Exhibit B, and the comments made 
by Arnold & Porter on behalf of the Hopi Tribe at pages 18-21 of 
its Notice of Appeal, Request for Oral Presentation, and Request 
for Extension of Stay, as well as Exhibit A. 


The comments made in these documents do not appear to reflect 
a complete review of the surface water analysis contained in the 
administrative record for the Canyon Mine, including my report to 
the Forest Service dated July, 1985 entitled "Downstream 
Hydrologic Impacts of Proposed Canyon Mine". In my view, the 
analysis of the potential for surface water impacts undertaken by 
the Forest Service was adequate and complete. Given the nature 
of the proposed activities and the site specific conditions that 
exist at the Canyon Mine, the proposed facilities will assure a 
high margin of safety against any failures during very heavy 
storm events in the unlikely event they occur during mining 
operations. The alternative surface water design selected by the 
Forest Supervisor and the mitigation measures imposed reflect a 
conservative approach to the issues of surface water diversion 
and containment. 


For completeness, I have responded to each of the specific 
comments made by Sparks & Siler and Arnold & Porter relating to 


surface water. 
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1. Sparks & Siler, Page 35, Paragraph 3 


The surface water analysis is based on widely accepted 
engineering procedures for estimating flood peaks. The storm of 
August 14, 1984 produced a peak flow far less than the design 
peaks for the Canyon Mine presented in Table 2 of my report: 
"Downstream Hydrologic Impacts of Proposed Canyon Mine." The 
1984 storm event provided valuable data which could be and was 
verified on the ground at the Canyon Mine site and in the 
adjacent watersheds affected by this storm event. Measurements 
and actual field reconnaissance and observations confirmed that 
the 1984 storm event represented an AMC I thunderstorm event with 
a predicted recurrence interval of approximately 120 years at 
Node 3. The observations and data available as a result of the 
1984 storm event was used for comparison and corroboration of the 
computed flood peaks presented in my report. 


2. Sparks & Siler, Page 35, Paragraph 4 


The 500-year storm event was computed using widely-used and 
accepted engineering methods relying on field reconnaissance of 
the area, site specific watershed and soils data, and carefully 
researched regional rainfall estimating procedures. As the 
analysis of downstream impacts presented in the FEIS has shown, 
even in the extremely unlikely case in which it is assumed that a 
severe storm event in excess of the 500-year recurrence interval! 
occurs, and that such an event results in a complete failure of 
the diversion facilities at the Canyon Mine during the limited 
period when substantial quantities of ore are present at the mine 
site, the potential for measurable residual impacts downstream 
from the site would be extremely small beyond a very short 
distance. First, the stipulated base elevation of the ore pile 


will preclude significant erosion of the ore by flood waters 
passing through the mine site. Second, the percentage of ore 
grade material which is of a small enough particle size to be 


capable of being transported as suspended sediment, and thus of 
being carried any appreciable distance downstream during a severe 
storm event is small. Third, any leachate entrained by the flood 
waters would be only a small fraction of the total flood volume. 
Immediately below the mine site, dilution would be more than 50 
to 1; at Node 3, the dilution would be more than 500 to 1; and at 
Node 4, the dilution would be more than 1000 to 1 assuming a 
500-year general storm. During a larger event, this dilution 
would be even greater, depending on the magnitude of the runoff 
volume produced. In his report "Radiological Assessment of the 
Canyon Mine Project, Kaibab National Forest, Coconino County, 
Arizona" (Appendix E of the FEIS) Dr. McKlveen determined that 
anticipated increases in radioactivity from a Probable Maximum 
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Flood would be minimal at Node 4. And finally, actual inspection 
and measurements of the residual effects of the 1984 storm event 
downstream from the Canyon Mine site strongly supports the 
conclusion that no measurable residual effects from a high magni- 
tude storm event can reasonably be expected beyond a distance of 


approximately 16 miles downstream of the site. In any event, it 
cannot be reasonably asserted that under any assumed magnitude 
storm event which might occur above the mine site there will be 


measurable impacts on the Havasupai Reservation which is approxi- 
mately 60 miles downstream. 


3. Kreamer Letter (Exhibit B Page 3, Paragraph 4 


Flood peaks and volumes upon which the conceptual drainage 
plan was based were computed using widely accepted Soil Conserva- 
tion Service hydrologic methods. Local watershed characteristics 
required in this procedure were developed from field reconnais-— 
sance of the site, local soils data, and accepted rainfal | 
estimating procedures. The Roeske regional method was used only 
as a basis for comparison. The data summarized in Table 2 of my 
report appear to support Kreamer’s statement that the Roeske 
procedure underestimates flood peaks on the larger watersheds 
(see comparisons between Roeske and SCS procedures for Nodes 3 
and 4 for example assuming an AMC III general storm). However, 
it is important to note that at Nodes O and 1, which drain smal! 
watersheds immediately above and below the mine site, Roeske 
compares favorably with the SCS method for both the AMC I 
thunderstorm and AMC III general storm. 


4. Arnold & Porter, Page 18, Paragraph 1 


I do not agree with the statements made by Arnold & Porter in 
this paragraph. The strength of the berms and the holding ponds 
is only one component of the analysis of the potential for 
surface water impacts. Also important to the analysis is the 
fact that consideration was given in the FEIS to the potential 
impacts to the environment which could result in the unlikely 


event of a failure of these facilities. Moreover, it should be 
understood that implicit in the conceptual designs of these 
facilities are the Forest Service standard specifications 


applicable to the construction and maintenance of embankments and 
ponds, as such specifications may be specifically modified in the 
Plan of Operations. Under Forest Service supervision the 
facilities will be constructed in conformity with Forest Service 
engineering design standards, inspection and maintenance pro- 
cedures. 
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As a detailed review of my report and the FEIS demonstrates, 
it is also inaccurate to state that in determining surface water 
flows the Forest Service relied entirely on surface water flows 
derived from observance of the 1984 storm event. On the con- 
trary, the 1984 storm event was used only as corroboration of 
calculated peak flows using widely-used and accepted engineering 
methods relying on field reconnaissance of the area, site 
specific watershed and soils data, and carefully researched 
regional rainfall estimating procedures. 


5. Arnold & Porter, Page 19, Paragraph 1 


I disagree with the assertion that it is doubtful that the 
surface water diversion facilities will provide sufficient 
protection. A substantial margin of safety is inherent in the 
design of these facilities. It is also not accurate to assert 
that these facilities will be called upon to function as a dam, 
nor would it be appropriate to design or construct them to dam 
specifications. As detailed in the FEIS and my report, the 
surface water diversion facilities are intended to prevent 
surface runoff from entering the mine yard during storm events. 


Under the site specific conditions at the mine site and the 


nature and design of the diversion facilities, concerns with 
"moderate seismicity" in relation to the potential effects on the 
integrity of the diversion facilities are unrealistic considering 


the probability of the simultaneous occurrence of a +500-year 
storm event and an earthquake of sufficient magnitude to destroy 
the surface diversion facilities. 


Finally, the selection of the 500-year event for design for 
the diversion facilities and the 100-year event design for the 
evaporation ponds is reasonable and prudent for the fol lowing 
reasons: 


e The project design life is short (10 years) compared to 
a dam which is generally designed for a project life of 
100 years or more. 


° The proposed berms are not impoundment structures as is 
a dam where a breach would release devastating quanti- 
ties of water at high velocity. 


e There would be no loss of life in the unlikely event of 
a failure of the diversion facilities. As previously 
noted, the potential for measurable residual impacts are 
small within short distances of the mine site even when 
a total failure of the facilities is assumed. 
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° The maximum flood considered by the Federal Emergency 
Management Agency (FEMA) in studies of this nature is 
the 500-year flood. 


6. Arnold & Porter, Page 19, Paragraph 2 


As previously noted, implicit in the designs of these facili- 
ties are the Forest Service standard specifications applicable to 
the construction and maintenance of embankments and holding 
ponds, as such specifications may be specifically modified in the 
Plan of Operations. Under Forest Service supervision, the 


facilities will be constructed in conformity with Forest Service 
engineering design standards, inspection and maintenance proce- 
dures. Built to these specifications, the diversion facilities 
will be adequate. Riprap will be of the proper size and grada- 
tion to adequately resist the scouring action of design flows at 
all locations along the perimeter that are exposed to flooding. 


7. Arnold & Porter, Page 20, Paragraph 1 


The 2.8 acre feet required to store the 100-year AMC III 
event is one-half that of the minimum capacity of 6 acre feet 
stipulated by the Forest Service. In addition, since as designed 
the perimeter of the entire mine area will be bermed to prevent 
unlikely overflows from entering natural stream channels, a 
further margin of safety against the potential for releases off- 
site is achieved. Given these circumstances, I do not agree that 
the holding pond system is inadequate. However, notwithstanding 
the large margin of safety inherent in the pond design, I am 
advised by Energy Fuels that the actual pond constructed has a 
capacity to hold in excess of 10 acre feet of water. 


8. Arnold & Porter, Page 20, Paragraph 2 and Page 21, Para- 
graph 1 


Regarding the impact of a surface-water release at the mine 
site, see my paragraph 2 above. Additionally, my report explains 
that in the extremely unlikely event of a failure of the holding 
ponds and the berms (designed to handle a 500-year flood) during 
a local storm, sediment from the mine site would be diluted by 98 
percent within 14 miles and would become immeasurable soon 
thereafter. Accordingly, the unsupported accusations of "serious 
error" and "indefensible" analysis in the FEIS treatment of 
flooding at the mine site are themselves groundless and without 
justification. Reclamation of downstream areas affected by 
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surface-water release from the mine site can be readily carried 
out by well established methods and available equipment. 


In determining the drainageways at the mine site, I relied on 
on-site inspection and on detailed topographical information. 
Maps included in my report employ topographic contour intervals 
of ten feet. The two statements quoted in paragraph 15 are not 
inconsistent. The first statement refers to local flow patterns 
at the mine, whereas the second statement indicates that the 
Canyon Mine is on a small tributary of the much larger Little Red 
Horse Wash. 


9. Wright Water Engineers Letter, Page 1, Paragraph 1 

No significant additional sediment loading to streams and/or 
runoff problems are anticipated. Implementation of the 
preventive controls for off-site construction summarized on page 
16 of my report and other Forest Service standards applicable to 
this project relating to construction practices and culvert 


specifications and the like will assure that impacts from 
construction activities are minimized. 


10. Wright Water Engineers Letter, Page 2, Paragraph 3 


See my discussion under Paragraph 5 above. 


11. Wright Water Engineers Letter, Page 4, Paragraph 10 


See my discussion under Paragraphs 5 and 6 above. 


12. Wright Water Engineers Letter, Page 4, Paragraph 12 


See my discussion under paragraph 7 above. 


13. Wright Water Engineers Letter, Page 5, Paragraph 13 


See my discussion under paragraphs 5 and 6 above. 


14. Wright Water Engineers Letter, Page 5, Paragraph 14 


See my discussion under paragraphs 5 and 6 above. 
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15. Wright Water Engineers Letter, Page 5, Paragraph 15 


The first statement refers to local flow patterns at the 
mine, whereas the second statement indicates that the Canyon Mine 
is on a small tributary of the much larger Little Red Horse Wash. 


16. Wright Water Engineers Letter, Page 5, Paragraph 16 


On the basis of the field reconnaissance and the detailed 
"Soils Report" completed in 1978 on the Tusayan Ranger District 
(reference in my report at page 22 [References]), the soils and 
their hydrologic and engineering characteristics are well known 
and were thoroughly considered. The surficial soils at the mine 
site are adequate for this type of construction. Moreover, the 


embankment will be constructed not only using the surficial 
soils, but also the subsurface materials excavated during shaft 
sinking. The subsurface material is also well suited for this 


type of construction. 


As more fully set forth in my report at page 22 [References], 
soils data were obtained from a 1979 U. S. Forest Service Soi | 
Survey Report. Soils on the study watersheds all are in Hydro- 
logic Soil Group Classification D (Table 1). The SCS Runoff 
Curve Number used for this classification was 68 for an AMC I 
thunderstorm and 93 for an AMC III general storm. 


17. Wright Water Engineers Letter, Page 6, Paragraph 18 


The magnitude of the August, 1984 event was determined by 
area-slope measurements. The discharges in Table 2 of my report 
were developed using standard engineering techniques for esti- 
mating rainfall of larger magnitude (see Table 1). These latter 
estimates formed the basis for conceptual design of the facili- 
ties proposed in the FEIS. 


If you have any questions or require further discussion on 
these matters, please contact me. 


Very truly yours, 


Mr. F. Dale Robertson 
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Mr. F. Dale Robertson 

Chief of the Forest Service 
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Dear Mr. Robertson: 


At the request of Mr. Brad L. Doores of Energy Fuels Nuclear, 
Inc., I have reviewed the comments made on behalf of the 
Havasupai Tribe and the Hopi Tribe relating to the surface water 
analysis contained within the Final Environmental Impact State- 
ment (FEIS) for the Canyon Mine. In addition, at Mr. Doores’ 
request, I have forwarded copies of this letter directly to the 
parties identified on the attached list. 


Specifically, I have reviewed the comments made by Sparks & 
Siler on behalf of the Havasupai Tribe at page 35 of its Request 
for Stay, Notice of Appeal and Statement of Reasons dated 
September 25, 1987, as well as Exhibit B, and the comments made 
by Arnold & Porter on behalf of the Hopi Tribe at pages 18-21 of 
its Notice of Appeal, Request for Oral Presentation, and Request 
for Extension of Stay, as well as Exhibit A. 


The comments made in these documents do not appear to reflect 
a complete review of the surface water analysis contained in the 
administrative record for the Canyon Mine, including my report to 
the Forest Service dated July, 1985 entitled "Downstream 
Hydrologic Impacts of Proposed Canyon Mine". In my view, the 
analysis of the potential for surface water impacts undertaken by 
the Forest Service was adequate and complete. Given the nature 
of the proposed activities and the site specific conditions that 
exist at the Canyon Mine, the proposed facilities will assure a 
high margin of safety against any failures during very heavy 
storm events in the unlikely event they occur during mining 
operations. The alternative surface water design selected by the 
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Forest Supervisor and the mitigation measures imposed reflect a 
conservative approach to the issues of surface water diversion 
and containment. 


For completeness, I have responded to each of the specific 
comments made by Sparks & Siler and Arnold & Porter relating to 
surface water. 


1. Sparks & Siler, Page 35, Paragraph 3 


The surface water analysis is based on widely accepted 
engineering procedures for estimating flood peaks. The storm of 
August 14, 1984 produced a peak flow far less than the design 
peaks for the Canyon Mine presented in Table 2 of my report: 
"Downstream Hydrologic Impacts of Proposed Canyon Mine." The 
1984 storm event provided valuable data which could be and was 
verified on the ground at the Canyon Mine site and in the 
adjacent watersheds affected by this storm event. Measurements 
and actual field reconnaissance and observations confirmed that 
the 1984 storm event represented an AMC I thunderstorm event with 
a predicted recurrence interval of approximately 120 years at 
Node 3. The observations and data available as a result of the 
1984 storm event was used for comparison and corroboration of the 
computed flood peaks presented in my report. 


2. Sparks & Siler, Page 35, Paragraph 4 


The 500-year storm event was computed using widely-used and 
accepted engineering methods relying on field reconnaissance of 
the area, site specific watershed and soils data, and carefully 
researched regional rainfall estimating procedures. As the 
analysis of downstream impacts presented in the FEIS has shown, 
even in the extremely unlikely case in which it is assumed that a 
severe storm event in excess of the 500-year recurrence interval 
occurs, and that such an event results in a complete failure of 
the diversion facilities at the Canyon Mine during the limited 
period when substantial quantities of ore are present at the mine 
site, the potential for measurable residual impacts downstream 
from the site would be extremely small beyond a very short 
distance. First, the stipulated base elevation of the ore pile 
will preclude significant erosion of the ore by flood waters 
passing through the mine site. Second, the percentage of ore 
grade material which is of a small enough particle size to be 
capable of being transported as suspended sediment, and thus of 
being carried any appreciable distance downstream during a severe 
storm event is small. Third, any leachate entrained by the flood 
waters would be only a small fraction of the total flood volume. 
Immediately below the mine site, dilution would be more than 50 
to 1; at Node 3, the dilution would be more than 500 to 1; and at 


Mr. F. Dale Robertson 

U. S. Department of Agriculture . 
November 2, 1987 EN (515 
Page 3 


Node 4, the dilution would be more than 1000 to 1 assuming a 


500-year general storm. During a larger event, this dilution 
would be even greater, depending on the magnitude of the runoff 
volume produced. In his report "Radiological Assessment of the 


Canyon Mine Project, Kaibab National Forest, Coconino County, 
Arizona" (Appendix E of the FEIS) Dr. McKlveen determined that 
anticipated increases in radioactivity from a Probable Maximum 
Flood would be minimal at Node 4. And finally, actual inspection 
and measurements of the residual effects of the 1984 storm event 
downstream from the Canyon Mine site strongly supports the 
conclusion that no measurable residual effects from a high magni- 
tude storm event can reasonably be expected beyond a distance of 


approximately 16 miles downstream of the site. In any event, it 
cannot be reasonably asserted that under any assumed magnitude 
storm event which might occur above the mine site there will be 


measurable impacts on the Havasupai Reservation which is approxi- 
mately 60 miles downstream. 


3. Kreamer Letter (Exhibit B Page 3, Paragraph 4 


Flood peaks and volumes upon which the conceptual drainage 
plan was based were computed using widely accepted Soil Conserva- 
tion Service hydrologic methods. Local watershed characteristics 
required in this procedure were developed from field reconnais-— 
sance of the site, local soils data, and accepted rainfal | 
estimating procedures. The Roeske regional method was used only 
as a basis for comparison. The data summarized in Table 2 of my 
report appear to support Kreamer’s statement that the Roeske 
procedure underestimates flood peaks on the larger watersheds 
(see comparisons between Roeske and SCS procedures for Nodes 3 
and 4 for example assuming an AMC III general storm). However, 
it is important to note that at Nodes O and 1, which drain smal 
watersheds immediately above and below the mine site, Roeske 
compares favorably with the SCS method for both the AMC I 
thunderstorm and AMC III general storm. 


4. Arnold & Porter, Page 18, Paragraph 1 


I do not agree with the statements made by Arnold & Porter in 
this paragraph. The strength of the berms and the holding ponds 
is only one component of the analysis of the potential for 
surface water impacts. Also important to the analysis is the 
fact that consideration was given in the FEIS to the potential 
impacts to the environment which could result in the unlikely 
event of a failure of these facilities. Moreover, it should be 
understood that implicit in the conceptual designs of these 
facilities are the Forest Service standard specifications 
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applicable to the construction and maintenance of embankments and 
ponds, as such specifications may be specifically modified in the 


Plan of Operations. Under Forest Service supervision the 
facilities will be constructed in conformity with Forest Service 
engineering design standards, inspection and maintenance pro- 
cedures. 


As a detailed review of my report and the FEIS demonstrates, 
it is also inaccurate to state that in determining surface water 
flows the Forest Service relied entirely on surface water flows 
derived from observance of the 1984 storm event. On the con- 
trary, the 1984 storm event was used only as corroboration of 
calculated peak flows using widely-used and accepted engineering 
methods relying on field reconnaissance of the area, site 
specific watershed and soils data, and carefully researched 
regional rainfall estimating procedures. 


5. Arnold & Porter, Page 19, Paragraph 1 


I disagree with the assertion that it is doubtful that the 
surface water diversion facilities will provide sufficient 
protection. A substantial margin of safety is inherent in the 
design of these facilities. It is also not accurate to assert 
that these facilities will be called upon to function as a dam, 
nor would it be appropriate to design or construct them to dam 
specifications. As detailed in the FEIS and my report, the 
surface water diversion facilities are intended to prevent 
surface runoff from entering the mine yard during storm events. 


Under the site specific conditions at the mine site and the 


nature and design of the diversion facilities, concerns with 
"moderate seismicity" in relation to the potential effects on the 
integrity of the diversion facilities are unrealistic considering 
the probability of the simultaneous occurrence of a +500-year 


storm event and an earthquake of sufficient magnitude to destroy 
the surface diversion facilities. 


Finally, the selection of the 500-year event for design for 
the diversion facilities and the 100-year event design for the 
evaporation ponds is reasonable and prudent for the following 
reasons: 


° The project design life is short (10 years) compared to 
a dam which is generally designed for a project life of 
100 years or more. 
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° The proposed berms are not impoundment structures as is 
a dam where a breach would release devastating quanti- 
ties of water at high velocity. 


° There would be no loss of life in the unlikely event of 
a failure of the diversion facilities. As previously 
noted, the potential for measurable residual impacts are 
small within short distances of the mine site even when 
a total failure of the facilities is assumed. 

° The maximum flood considered by the Federal Emergency 
Management Agency (FEMA) in studies of this nature is 
the 500-year flood. 


6. Arnold & Porter, Page 19, Paragraph 2 


As previously noted, implicit in the designs of these facili- 
ties are the Forest Service standard specifications applicable to 
the construction and maintenance of embankments and holding 
ponds, as such specifications may be specifically modified in the 
Plan of Operations. Under Forest Service supervision, the 


facilities will be constructed in conformity with Forest Service 
engineering design standards, inspection and maintenance proce- 
dures. Built to these specifications, the diversion facilities 
will be adequate. Riprap will be of the proper size and grada- 
tion to adequately resist the scouring action of design flows at 
all locations along the perimeter that are exposed to flooding. 


7. Arnold & Porter, Page 20, Paragraph 1 


The 2.8 acre feet required to store the 100-year AMC III 
event is one-half that of the minimum capacity of 6 acre feet 
stipulated by the Forest Service. In addition, since as designed 
the perimeter of the entire mine area will be bermed to prevent 
unlikely overflows from entering natural stream channels, a 
further margin of safety against the potential for releases off- 
site is achieved. Given these circumstances, I do not agree that 
the holding pond system is inadequate. However, notwithstanding 
the large margin of safety inherent in the pond design, I am 
advised by Energy Fuels that the actual pond constructed has a 
capacity to hold in excess of 10 acre feet of water. 


8. Arnold & Porter, Page 20, Paragraph 2 and Page 21, Para- 
graph 1 


Regarding the impact of a surface-water release at the mine 
site, see my paragraph 2 above. Additionally, my report explains 
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that in the extremely unlikely event of a failure of the holding 
ponds and the berms (designed to handle a 500-year flood) during 
a local storm, sediment from the mine site would be diluted by 98 
percent within 14 miles and would become immeasurable soon 
thereafter. Accordingly, the unsupported accusations of "serious 
error" and "indefensible" analysis in the FEIS treatment of 
flooding at the mine site are themselves groundless and without 
justification. Reclamation of downstream areas affected by 
surface-water release from the mine site can be readily carried 
out by well established methods and available equipment. 


9. Wright Water Engineers Letter, Page 1, Paragraph 1 

No significant additional sediment loading to streams and/or 
runoff problems are anticipated. Implementation of the 
‘preventive controls for off-site construction summarized on page 
16 of my report and other Forest Service standards applicable to 
this project relating to construction practices and culvert 
specifications and the like will assure that impacts from 
construction activities are minimized. 


10. Wright Water Engineers Letter, Page 2, Paragraph 3 


See my discussion under Paragraph 5 above. 


11. Wright Water Engineers Letter, Page 4, Paragraph 10 


See my discussion under Paragraphs 5 and 6 above. 


12. Wright Water Engineers Letter, Page 4, Paragraph 12 


See my discussion under paragraph 7 above. 


13. Wright Water Engineers Letter, Page 5, Paragraph 13 


See my discussion under paragraphs 5 and 6 above. 


14. Wright Water Engineers Letter, Page 5, Paragraph 14 


See my discussion under paragraphs 5 and 6 above. 


Mr. F. Dale Robertson 
U. S. Department of Agriculture 
November 2, 1987 


Page 7 EN 0519 


15. Wright Water Engineers Letter, Page 5, Paragraph 15 


In determining the drainageways at the mine site, I relied on 
on-site inspection and on detailed topographical information. 
Maps included in my report employ topographic contour intervals 
of ten feet. The two statements quoted in paragraph 15 are not 
inconsistent. The first statement refers to local flow patterns 
at the mine, whereas the second statement indicates that the 
Canyon Mine is on a small tributary of the much larger Little Red 
Horse Wash. 


The first statement refers to local flow patterns at the 
mine, whereas the second statement indicates that the Canyon Mine 
is on a small tributary of the much larger Little Red Horse Wash. 


16. Wright Water Engineers Letter, Page 5, Paragraph 16 


On the basis of the field reconnaissance and the detailed 
"Soils Report" completed in 1978 on the Tusayan Ranger District 
(reference in my report at page 22 [References]), the soils and 
their hydrologic and engineering characteristics are well known 
and were thoroughly considered. The surficial soils at the mine 
site are adequate for this type of construction. Moreover, the 


embankment will be constructed not only using the surficial 
soils, but also the subsurface materials excavated during shaft 
sinking. The subsurface material is also well suited for this 


type of construction. 


As more fully set forth in my report at page 22 [References], 
soils data were obtained from a 1979 U. S. Forest Service Soil 
Survey Report. Soils on the study watersheds all are in Hydro- 
logic Soil Group Classification D (Table 1). The SCS Runoff 
Curve Number used for this classification was 68 for an AMC I 
thunderstorm and 93 for an AMC III general storm. 


17. Wright Water Engineers Letter, Page 6, Paragraph 18 


The magnitude of the August, 1984 event was determined by 
area-slope measurements. The discharges in Table 2 of my report 
were developed using standard engineering techniques for esti- 
mating rainfall of larger magnitude (see Table 1). These latter 
estimates formed the basis for conceptual design of the facili- 
ties proposed in the FEIS. 
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If you have any questions or require further discussion on 


these matters, please contact me. 


Very? ZZ: ae 
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Dear Bob 


Enclosed for your review is my revised draft report on downstream impacts 
of your proposed Canyon Mine. 


I will be avatlable to discuss this report further with you at any time. 
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Charles F. Leaf, P.E. 
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DRAINAGE PLAN AND DOWNSTREAM HYDROLOGIC 
IMPACTS OF PROPOSED CANYON MINE 


I. DESCRIPTION OF TASKS 


The proposed Canyon Mine will be located in an area that is subject 
to high intensity rainfall. While runoff generated from such storms 
normally lasts for only a short time, peak discharges can be large. Down- 
stream impacts will be determined by the measures taken to control flash 
floods at the mine. Accordingly, a flood control system should be developed 
to insure that degradation of the surface runoff downstream will not likely 
occur during 100-year and lesser frequency events. Even during larger 
floods, the risk of significant degradation downstream should be small. 

In October, 1984, Energy Fuels Nuclear proposed a system of trapezoidal 
channels to divert storm runoff around the mine site. Task A was to 
evaluate thts proposed drainage plan. Task B was to develop relationships 
for estimating downstream impacts from releases of: (1) sediment and (2) 
leacheate from the mine itself during local thunderstorm and general frontal- 
type storm runoff events of various magnitudes. 


TI. BACKGROUND INFORMATION 


The proposed Canyon Mine is located in the Ponderosa Pine forest type. 
Snowfall accounts for about one-half of the annual precipitation, which averages 
almost 15 inches. Following is a summary of monthly precipitation in inches 
for the typical year at Grand Canyon National Park (NOAA, 1973): 


Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec Annual 
1.35 1.28 1.47 1.00 0.54 0.48 1.50 2.11 1.21 1.07 .82 1.59 14.42 


During dry and wet years, annual precipitation can be less than 8 inches 
or more than 25 inches respectively. For the 1931-1982 record period at 
Grand Canyon Nationa Park, the driest year was 7.14 inches in 1976 and the 


eile 


wettest was 25.51 inches in 1982. Water yield from this area is perhaps 
2 inches or less each year. 

The area is subject to intensive rainfall and infrequent but major 
floods. High-intensity rainfall confined to small areas and lasting for 
a short time is responsible for most floods. However, general frontal- 
type storms over large areas can also cause extreme runoff from rainfall 
and/or snowmelt. 


Canyon Mine Watersheds 


Figure 1 shows the watersheds considered in this study. The shaded 
areas in Figure 1 are watersheds that would directly impact the prop sed 
development. Five reference locations, or nodes, define iat tc. 
drainage areas. Node 0 js located just upstream of the proposed mine site. 
This watershed drains approximately 1.0 square miles. Node 1 located just 
below the site, has a drainage arga of 2.3 square miles. Node 2 is just 
below Owl Tank,” ‘Brainage area TS. 3.5 square miles. Node 3, just upstream 
from Highway 64, receives runoff from 22.7 square miles in Little Red 
Horse Wash. Finally, Node 4 its at the confluence of Little Red Horse Wash 
with Red Horse Wash some 13.5 miles downstream from the mine site. Drainage 


area at this location is 43.4 square miles. 


Definitions of Terms 


-” 


A number of terms used in this report are defined below: 


Antecedent Moisture Condition(AMC): An index of the amount of soil 
moisture on a watershed just prior to a given rainfall event. Ante- 
cedent soil moisture has a significant effect on runoff volume. Three 
AMC conditions are defined as follows: 
Condition I: Soils are relatively dry with little or no rainfall 
during the previous 5 days. 
Condition II: average conditions. 
Condition [IT: significant rainfall during the previous 5 days; 
saturated soils. 
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Fig. 1 - Canyon Mine 


Study Watersheds. 
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Hydrologic Soil Group: a soil classification system consisting of 
four groups labeled A,B,C,D as follows: 
Group A: deep, permeable sandy silty or loamy soils. 
Group B: shallow soils having infiltration characteristics 
similar to Group A soils. 
Group C: less permeable clay loams, shallow sandy loams, soils 
with little organic content, and soils with a high 
clay content. 
Group D: soils with a high shrink/swell potential; heavy plastic 
clays. 
Node: A reference point along the stream channel referenced by distance 
upstream or downstream from the proposed canyon mine and by drainage 
area (see map, Figure 1). 
Probable Maximum Flood(PMF): An estimate of flood magnitude from a 
probable maximum precipitation event. Probable maximum precipitation 
estimates are based on a three-step analysis: (1) determining the area, 
amount, duration, and intensity of the largest storms of record ina 
particular area; (2) maximizing these storms by increasing their values 
to their physical upper limit. This step involves a meteorological 
analysts of moisture content of the air mass; and (3) transposition 
of these maximized storms to other areas. 
Recurrence Interval: The average length of time in years between events 
of a given magnitude. This is not to say that having experienced a 
100-year flood, another flood of an equal magnitude will not occur 
again for 100 years. Odds are only 50-50 that this will in fact 
happen. 
Runoff Curve Number(CN): A runoff coefficient which integrates the 
combined hydrologic effect of soil, land use, hydrologic condition, 
and antecedent soil moisture. To illustrate, the runoff curve number 
for forest land under these various combinations is shown below. 


Hydrologic Curve Number (CN) For — 
Condition AMC_and Hydrologic Soil Group 
AMC I AMC II AMC III 
A B C OD A B C OD A B Cc OD 
Poor 27 46 60 68 45 66 77 83 65 83 94 95 
Fair 20 40 54 62 36 60 73 79 56 79 90 94 
Good 12 35 51 60 25 55 70 77 #445 75 87 93 
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Time of Concentration (Tc): An index of the time for a hypothetical 


drop of water to travel from the most distant point on the watershed 
to the analysis point. In this study, Tc was estimated as: 


= \ 0.385 
Te at U3 2 | 


Where L = Jength of the longest watercourse in miles, and 
H 


difference in elevation between the drainage divide 
and the analysis point in feet. 


Historical Data (August 14, 1984 Flash Flood 


Both local thunderstorms and Pas storms of large magnitude have 
been documented near the mine site. ‘Recently a large frontal-type storm 
lasting for several days generated runoff with a recurrence interval of 
several hundred years on the north rim of the Grand Canyon. This storm 
is described in a U.S. Geological Survey Professional paper (Cooley , et of, 1477). 
Perhaps of more local significance ts the severe flood which occurred 
on Little Red Horse Wash last August. This flash flood provided a bench 
mark on which to base the evaluation of flood potential for Canyon Mine. 
Field reconnajssance of the area and data furnished by the Tusayan District 
Ranger indicates that this storm was confined to Little Red Horse Wash 
upstream from Node 3. 
Peak flows computed by Mr. Jess Thompson from high water marks and 
surveys of channel cross-sections and slope at Nodes 0-3 were as follows: 


Estimated 
Peak Discharge From 


August 14, 1984 Storm iS. F 64) 
106 
908 
1350 
2447 


Node 


wn Oo 


According to observers who monitored the flood, the crest overtopped Highway 
64, flowed downstream in Little Red Horse Wash, merged with main Red Horse 
Wash (Node 4) and dissipated in the large flat area some 4 miles downstream 
(see Figure 2). Apparently, no significant runoff from this event was 
observed beyond the large open area. 
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Methodolo 


Soil Conservation Service (SCS) hydrologic methods were used to determine 
the recurrence interval (10-yr., 50-yr., 100-yr., etc.) of the August, 1984 
flash flood. The handbook methods summarized in McCuen (1982) were used to 
compute volumes and peak flows from 2,10,25,50,100,500, and probable maximum 
floods at Nodes 1-4. 

SCS hydrologic methods determine a flood peak and runoff volume from a 
given precipitation event by considering the following factors: 

a. Area, shape, total relief, and length of the longest watercourse, 

and 

b. Vegetation cover composition and density, and soil infiltration 

capacity. These watershed parameters are combined to identify 
flood potential by means of a curve number (CN). 

Two types of flood were assumed in this analysis as follows: 

1. Thunderstorm on an initially dry watershed (antecedent moisture 

condition (AMC) T). 

2. Intense rainfall on a initially wet watershed (AMC III). 

Field data indicate that watershed condition during the August, 1984 flood 
closedly approximated AMC IT. The second flood analysis used a similar rain- 
fall distribution but the runoff coefficient was higher due to the assumed 
high levels of soil moisture. 

The physical data necessary to make the flood potential analysis were 
obtained from USGS topographic quandrangle maps. Soils information was 
obtained from Soil Conservation Service (1983) and Forest Service (1979) soil 
survey reports. Forest cover composition and density was estimated from a 
field reconnaissance of the area. Precipitation data for the storm events 
considered in this analysis were obtained from a report by Canonie Engineers 
(1985). Table 1 summarizes watershed characteristics at each Node. 


Results 


Table 2 summarizes peak discharges and runoff volumes for AMC I and AMC 
IIT storms at each Node. Also shown for comparison are: (a) estimated peaks 
generated by the August, 1984 flash flood, and (b) peak discharges using 
statistical equations developed by Roeske (1978). 
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Hydrologic 


Features 


Area (mi.2) 


Distance Downstream 
From Node 1 (mi.) 


Time of Concentration 


(hr. ) 


Hydrologic Soil Group 
SCS Classification 


Vegetation 


SCS Curve Number (CN) 
A 


AMC IIT 


24-Hour Precipitation (in.) 


2-yr. 


Probable Maximum 
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Table 1 


0 ] 
1.05 2.30 
0 
* 0.75 1.14 
D D 


Watershed Characteristics 


ae A) 


Pinon/Juniper, Ponderosa Pine, Scrub Oak on 


all watersheds. 


68 68 
93 93 
1.5 145 
a 2.9 
26 2.6 
2.8 2.8 
3.0 3.0 
3.4 3.4 
1.0 11.0 
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68 
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6£80 


AMC I Tunderstorm 


2-yr. 
10 
25 
50 
100 
500 
Probable Max. 


AMC III General Storm 


2-yr. 
10 
25 
50 
100 
500 
Probable Max. 


Roeske (1978) 


2-yr. 
10 
25 
50 
100 
500 


Est. Aug. 14,1984 


and Runoff Volume for Various Recurrence Interval Storms. 


Vol. 
a-f 


Table 2 - Summary of Peak Discharge 


Peak 
cfs 


200 
300 
333 
400 
567 
4600 


367 
1067 
1234 
1334 
1534 
1801 
6750 


33 
203 
392 
601 
878 

1893 


908 


Vol. 


a-f 


12. 
36. 
55. 
61. 
Fads 
104. 
840. 


67. 
196. 
226. 
245. 
282. 
S31 

1241. 


WWHWM OW 


PMH WHOWM 


NODE 


9193 
34459 


124 
743 
1327 
1932 
2697 
5315 


2447 


a-f 


Leas 
363. 
484. 
605. 
786. 
1089. 
8353. 
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665.9 
1937.1 
2239.7 
2421.3 
2784.5 
3268.8 
122519 


2014 
8055 
9062 
10572 
11076 
13593 
50948 


229 
1073 
1873 
2688 
3705 
7119 


925. 
3704. 
4166. 
4860. 
5092. 
6249. 

23424. 
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As seen in Table 2, estimated peaks from She Mages rs 15 pla Ties 


had recurrence intervals appreaching 100—years_ommere—atNodes 1, 2, and 3 
when compared with the AMC I and Roeske design peaks. At Node 0, the 
estimated peak had only a ten-year recurrence interval which is consistent 
with field observations. The small watershed immediately above the proposed 
Canyon Mine site apparently was just on the fringe of more intense rainfall 
to the east in Little Red Horse Wash. 


Description of Proposed Concept Drainage Plan 
oe ee 
—the-prepesed Canyon Mines tte ties-—ina_fleed- plain. High water marks 
indicate that storm runoff from the August, 1984 flash flood flowed across 
the site at depths of 6 to 8 inches. Peak flow was estimated to be 908 c.f.s. 
at Node 1 just below the site. Most of this Peak was generated from the 
watershed just east of the small drainage which contains Node 0. 

The operations plan by Energy Fuels Nuclear (1984) proposes to divert 
storm runoff away from the mine site by means of two trapezoidal channels. 
In addition to the channels, protective dikes would be constructed. These 
dikes are discussed in the plan of operations. 


IIT. ENVIRONMENTAL OBJECTIVES OF 
SURFACE RUNOFF CONTROL 


In addition to mine safety and economic considerations, a number of 
enviornmental objectives are important in designing survace runoff control. 
These objectives are: 

1. to prevent erosion of the ore stockpile even during extreme 

runoff events, 

2. to prevent dispersion of radioactive material and other pollutants 

into the surface and groundwater systems, 

3. to accomplish objectives 1. and 2. above with the least impact to 

the existing environment. 
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IV. EVALUATION OF PROPOSED AND 
ALTERNATIVE DRAINAGE PLANS 


Proposed Drainage Plan (Alternative 1) 


The diversion channels proposed by Energy Fuels Nuclear (1984) would 
be sized to carry runoff from a 100-year, Il-hour, event. Additional 
diversion capacity would be provided by the protective dikes. A report by 
Canonie Engineers (1985) lists the following capacities of the proposed 
channels shown in figure 3: 


Peak Flow, cfsl/ 
Precipitation Event Diversion Diversion 
Channel Channel 
A B 
10-yr, 24-hr 111 25 
10-yr, %I-hr 213 67 
100-yr, %I-hr : 465 147 


1/ AMC IT 


Advantages of the proposed system are that storm runoff up to a 100-yr 
recurrence interval could be safely handled by the diversion channels. 
However, during runoff from larger events, channel capacity, would be 
exceeded and flood control would depend on the effectiveness of the dikes. 
It is estimated that the proposed system would be totally effective in 
controlling floods of a 100-year recurrence interval or less Beyond that, 
the system may be only partially effective. 

Disadvantages of the proposed system are that construction of the 
diversion channels would require considerable site disturbance. Moreover, 
the steeper gradients of the artificial channels and concentration of flow 
would cause: (1) increased erosion, and (2) possibly trigger head cutting 
and channel instability unless special precautions are taken to heavily 
armor the bed and banks. 
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Figure 3 - Proposed Drainage Plan For Canyon Mine 
(Canonie Engineers, 1985). 
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Fig.4 Alternative 2 Conceptual 


Drainage Plan (no scale) 
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Alternative Drainage Plan (Alternative 2) 


Alternative 2 would not use man-made channels to control storm 
runoff. Instead, a dike would be constructed around the upstream perimeter 
of the mine site. This alternative would confine flows to existing natural 
channels, cause the least amount of site and channel disturbance, and be 
totally effective in controlling flood events on the order of at least 
500-year recurrence interval (see Table 2). A concept plan for Alternative 
2 is shown in Figure 4. As seen in Figure 4, perimeter geometry would be 
modified slightly from the original mine plan to take maximum advantage 
of high ground and existing channel capacity. Another important feature 
of this concept plan is that by reducing perimeter width at the south end 
of the site, additional flow area would be provided in the channels that 
merge together in this area. The ford crossing and approach ramps into the 
site would effeciently control overland flow near the southwest corner of 
the mine site. Heavy riprap would be used to protect the dike from scour 
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The following general guidelines for mitigating impacts are suggested 

under Alternative 2: 
Drainage on relocated roads should be in accordance with U.S. Forest 
Service standards. 
There should be only minimum disturbance of existing channels around 
the mine perimeter. 
Channel improvements such as removal of all debris, selected trees, 
and minor excavation should be made to increase capacity. 
Revegetate all disturbed areas as soon as possible. Reseed previously 
reclaimed areas if necessary until a vigorous vegetation cover is 
established. 
The minimum elevation of the base of the ore pile should be at an * 
approximate elevation of 6,500 feet, and el tae Pie ake 5 eet above : 
the ground surface outside the dike énathe vicinity of thewpile. 
(This will ensure that erosion of the ore pile will not occur during 
flood events up to a recurrence interval of approximately 500 years.) 
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The dike and other features should be riprapped at all areas where 
flow velocities are sufficient to cause erosion. Such areas include 
the approach ramp and ford on the access road and the entire south 
end of the perimeter, including the dike and spoil embankment. 

All abandoned roads outside the mine perimeter should be brought 

to original grade, water barred, and revegetated. 

The dike and primary stream channels in the vicinity of the mine 
should be routinely maintained to insure their integrity at all 
times. 

Advantages are that Alternative 2 could be implemented with much less 
disturbance than Alternative 1. Retention of original stream alignment and 
gradient would result in significantly less channel erosion than Alternative 
1. Also, sufficient capacity to safely carry large peak flows and channel 
stability are insured by not increasing natural gradients or concentrating 
runoff in sidehill ditches. 


Mine Area Drainage FT 
' _ t - oe, SIT Hee, 
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Grading inside the mine site should be away from the spoils embankment 
and perimeter dike. The retention pond should be lined to prevent seepage 
and stzed to safely contain runoff from at least a 100-year, recurrence 
interval storm. To store a 100-year, 24-hour, AMC III runoff event would 
require a pond capacity of at least 2.8 acre feet. ] Storage for expected 
mine water, etc. should be in addition to the 2.8 acre-foot minimum. 

In addition to an established minimum elevation of approximately 6,500 
feet for the base of the ore pile, the pad on which the pile rests should 
be made impervious and graded so that all runoff immediately flows in to the 
retention pond. Gradina Misi die Hee Wee. site 5 loos. Le bs 

fom He Spuils ev bork f atl penniter dike 
V. DOWNSTREAM IMPACTS 


An issue concerning the proposed Canyon Mine development is the 
potential downstream effects given the unlikely occurrence of ore pile 
and mine area runoff and sediment being introduced into the surface water 
system as the result of flash flooding. These effects would vary depending 
on the magnitude of storm runoff. 
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Assumptions 


Two scenarios were assumed in addressing this issue as follows: 

1. Potential downstream effects from a local AMC I thunderstorm 
centered immediately upstream of the proposed mine site. Affected 
area is approximately 1 mi.”. 

2. Potential downstream effects from an extreme AMC III rainfall event. 
The affected area in excess of 40 mi.’ would include all of the area drained 
by Little Red Horse Wash. 

The first scenario assumes that the flash flood is dissipated by the 
channel system much like the August, 1984 event. The second scenario assumes 
that the downstream impacts of initial flash flooding above the mine is 
subsequently reduced by dilution. 


Methodology and Field Measurements 


Figure 5 summarizes -the estimated downstream effects of a thunderstorm 
centered over a 1-mi.? area for storms of various recurrence interval. In 
this scenario, it was assumed that the 500-year runoff generated upstream 
from the mine is dissipated in a linear fashion on logarithmic paper to 
some negligible amount some 18 miles downstream from the mine. This is 
believed to be a conservative assumption, since the August 14, 1984 flash 
flood, which was generated by rainfall over a considerably larger area 
than 1 square mile, apparently was dissipated in this distance. Runoff 
just above the mine site (at Node0Q) was determined from Tables 1 and 2 
for each recurrence interval storm. As seen in Figure 5, the estimated 
downstream reduction of initial runoff was estimated by scaling each 
recurrence interval storm parallel to the assumed 500-year relationship. 
The reader is referred to Figure 1 for the locations of each Node plotted 
in Figures 5 and 6. 

Downstream dilution of initial impact from an AMCI thunderstorm and 


.. , runoff at Node 0 
an AMC III general storm was computed by the ratio tonnaet BE deenctrean lode 


X 100. Data for computing each percentage for the AMC III general storm were 
obtained from Table 2. Data for computing each percentage for the AMC I 
thunderstorm were similarly obtained from Figure 5. 
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Results 


Figure 6 summarizes percent of initial impact (concentration or load) 
as a function of distance downstream for the AMC I thunderstorm and AMC III 
general storm. Both scenarios show considerable reduction of initial impact 
in the first. 2 miles. Just below Owl Tank at Node 2, the reduction of 
initial impact would be 70 percent for the AMC III general storm and 90 
percent for the AMC I thunderstorm. At Node 4, some 13.5 miles downstream, 
it is estimated that initial impact would be diminished about 98 percent 
under both scenarios. 


Solubility and Sedimentation Analysis 


The relationships in Figure 6 can be used to estimate downstream 
radioactivity and quantities of other pollutants as the result of possible 
releases of leacheate and/or sediment from the mine site. During a local 
thunderstorm, concentrations of these materials are assumed to be constant, 
and the residual impact is expressed as load. During a general storm,the 
initial concentration is reduced downstream as the result of inflows from 
a rapidly increasing drainage area. 


VI. CONCLUSIONS 


The proposed Canyon Mine can be protected from a major flash flood 
by means of a dike around the entire upstream perimeter of the area. 
Improvement of existing primary stream channels consisting of debris and 
selected tree removal, minor excavation and riprap would provide a flood 
plain adequate to safely carry at least a 500-year flash flood around the 
mine site. 

A minimum elevation for the base of the ore pile at approximately 
6,500 feet and at least 5 feet above ground elevation outside the dike near 
the south edge of the mine yard and heavy riprap on the downstream face of 
the spoils embankment on which the ore pile will rest, would make any 
erosion of uranium ore unlikely during a major flood. 
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Impacts from any sediment or leacheate introduced at the mine rapidly 
diminish with distance downstream. At the confluence of Little Red Horse 
Wash with Red Horse Wash some 13.5 miles downstream, it is estimated that 
initial impact would be diminished by about 98 percent for both general 
and local thunderstorm flood occurrences. 


EN C856 


af 
/ ae 
} 
! 
7 
i“) 
' 
fy 


ye 
SS] Bu rDs 
_ 


ee ae ara p. ane aa 


X35 


a) 
~ ~~ os 
) ) Let \ a + P 
jo 
a 


al { }— 
> NL LP ta —t 
aN, 
4 ' : Cc 
i poms ELS ! ao 


EN C857 


~20- 


VII. REFERENCES 


Canonie Engineers 
1985. Evaluation of Diversion Ditch System, Canyon Mine, Coconino 
County, Arizona, Letter Report submitted to Energy Fuels Nuclear by 
Canonie Engineers, Inc. Englewood, CO. 


Energy Fuels Nuclear. 
1984. Plan of Operations Notice of Intent, Canyon Mine, Energy Fuels 
Nuclear, Inc. Denver, CO. 


McCuen, Richard H. 
1982. A guide to Hydrologic Analysis Using SCS Methods, Prentice-Hall, 
Inc. Englewood Cliffs, N.J. 


Roeske, R.H. 
1978. Methods for Estimating the Magnitude and Frequency of Floods in 
Arizona, Final Report: ADOT-RS-15(121), Arizona Dept. Transportation, 
Phoenix, AZ. 


U.S. Department of Agriculture, Forest Service. 
1979. Soil Survey:Tusayan Ranger District, Kaibab National Forest, 
Southwestern Region, USDA Forest Serv. Albuqurque, N.M. 


U.S. Department of Agriculture, Soil Conservation Service 
1983. Soil Survey of Coconino County Area Arizona, Central Part. 


U.S. Department of Commerce, Nat. Oceanic and Atmos. Admin. 
1973. Monthly Normals of Temperature, Precipitation, and Heating 
and Cooling Degree Days, 1941-70. Nat. Climatic Center, Asheville, 
NG. 


EN 0859 


-20- 


| : VII. 


Canonie Engineers 
1985. 


REFERENCES 


Evaluation of Diversion Ditch System, Canyon Mine, Coconino 


County, Arizona, Letter Report submitted to Energy Fuels Nuclear by 


Coo ! 
Energy Fuels Nuclear. 
1984. 


_ Nuclear, Inc. Denver, CO. 
Ne ve’ 


uen, Richard H. 


Cc 


McC 


1982. A guide to Hydrologic Analy 
Inc. Englewood Cliffs, N.d. 
Roeske, R.H. 
1978. 


Methods for Estimating the 


Arizona, Final Report: ADOT-RS- 
Phoenix, AZ. 
US, Fae On eed if ff 

U.S. Department of Agriculture, Fore: 


1979. Soil Survey:Tusayan Ranger 
Southwestern Region, USDA Fores: 


U.S. Department of Agriculture, Soil | 
1983. Soil Survey of Coconino Cour 


U.S. Department of Commerce, Nat. Oceé 
1973. Monthly Normals of Temperati 


and Cooling Degree Days, 1941-70 
N.C. 


EN (860 


Canonie Engineers, Inc. Englewood, CO. 


Plan of Operations Notice of Intent, Canyon Mine, Energy Fuels 


is Using SCS Methods, Prentice-Hall, 


ignitude and Frequency of Floods in 
121), Arizona Dept. Transportation, 


Service. 


strict, Kaibab National Forest, 
2rv. Albuqurque, N.M. 


servation Service 
‘ Area Arizona, Central Part. 


c and Atmos. Admin. 
:, Precipitation, and Heating 
Nat. Climatic Center, Asheville, 


Ps a 


201 - % Main, Suite 241 
Sterling, Colorado 80751 


CHARLES F. LEAF, P. E. (303) 522-1829 


June 28, 1985 


Mr. Robert M. Steele 
Senior Mine Engineer 
Energy Fuels Nuclear, Inc. 
Suite 900 

Three Park Central 

1515 Arapahoe 

Denver, CO 80202 

Dear Bob 


Enclosed for your review is my revised draft report on downstream impacts 
of your proposed Canyon Mine. 


I will be avaflable to discuss this report further with you at any time. 
Sincerely yours, 
Charles F. Leaf, P.E. 

CFL/d11 
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DOWNSTREAM HYDROLOGIC IMPACTS 
OF PROPOSED CANYON MINE 


by 


C.F. Leaf, P.£. 


Submitted to: 


Me }LR.—_Frompsen- 
Kaibab Nattonal Forest 
800 So. 6th St. 
Williams, Arizona 86046 


Mr, Andy Ling sot 
Bey Cnpaat 


Tune,_.1985 
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DRAINAGE PLAN AND DOWNSTREAM HYDROLOGIC 
IMPACTS OF PROPOSED CANYON MINE 


I. DESCRIPTION OF TASKS 


The proposed Canyon Mine will be located in an area that is subject 
to high intensity rainfall. While runoff generated from such storms 
normally lasts for only a short time, peak discharges can be large. Down- 
Stream impacts can be minimized by the measures taken to control flash 
floods at the mine. Accordingly, a flood control system should be developed 
to insure that degradation of the surface runoff downstream will not likely 
occur during 100-year and lesser frequency events. Even during larger 
floods, the risk of significant degradation downstream should be small. 

In October, 1984, Energy Fuels Nuclear proposed a system of trapezoidal 
channels to divert storm runoff around the mine site. Task A was to 
evaluate this proposed drainage plan. Task B was to develop relationships 
for estimating downstream impacts from realeases of: (1) sediment and (2) 
leacheate from the mine itself during local thunderstorm and general frontal- 
type storm runoff events of various magnitudes. 
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DRAINAGE PLAN AND DOWNSTREAM HYDROLOGIC 
IMPACTS OF PROPOSED CANYON MINE 


I. DESCRIPTION OF TASKS 


The proposed Canyon Mine will be located in an area that is subject 
to high intensity rainfall. While runoff generated from such storms 
normally lasts for only a short time, peak discharges can be large. Down- 
Stream impacts can be minimized by the measures taken to control ftesh Surface 

b ered} reeds at the mine. Accordingly, a flood control system should be developed 
to insure that degradation of the surface ei ak ‘ stream ie pot ikely / 
occur during 100-year and lesser prenuten's ‘events be HS sn bul Se lar hie ob ° aa 
floods, the risk of significant degradation downstream should be small. 

In October, 1984, Energy Fuels Nuclear proposed a system of trapezoidal 
Ghanne divert storm,funoff around the miner si e- sk; Ajwas t : 
terete UNE stapsied atothane plan, acy sk B sea b to y have wife Bie on eee, 
for estimating downstream impacts from realeases of: (1) sediment and (2) 


leacheate from the mine itself during local thunderstorm and general Trontal~ 
type storm runoff tee, of. wa ee Peak. poe ray fheb ‘wads bh 
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Heed pS TI. BACKGROUND INFORMATION 


The proposed Canyon Mine is located in the Ponderosa Pine forest type. 
Snowfall accounts for about one-half of the annual precipitation, which averages 
almost 15 inches. Following is a summary of monthly precipitation in inches 
for the typical year at Grand Canyon National Park (NOAA, 1973): 


Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec Annual 
1.35 1.28 1.47 1.00 0.54 0.48 1.50 2.11 1.21 1.07 .82 1.59 14.42 


\ S « 
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During dry and wet years, annual precipitation can be less than & inches 
or more than 25 inchesyrespectively. For the 1931-1982 record period at 
Grand Canyon Nationa Park, the driest year was 7.14 inches in 1976 and the 
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wettest was 25.51 inches in 1982. Water yield from this area is perhaps 
2 inches or less each year. 

The area is subject to intensive rainfall and infrequent but major 
floods. High-intensity rainfall ent ined te to sm ma} areas and lasting for 
a short time is responsible for most Gomis ever, general frontal- 
type storms over large areas @ane=wresU ~sewse-extreme runoff from rainfall 
and/or snowmelt. Stes the hed ee & 

Dh ess oe ae 
an. 
ae a 
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Figure kyshows watersheds considered in this study. The shaded 
areas in Figure { Fame tersheds 1 that would directly impact the proposed 
development. Five reference qocations » or_no defing the gutleft of the 
primary drainage ete veh abe 0 is {ocated mete fee f Fe cobnck She 
site. This watershed drains approximately 1.0 square miles. Node 1 located 
just below the site, has a drainage area of 2.3 square miles. Node 2 is just 
below Owl Tank, and has a- drainage area of 3.5 square miles. Node 3, just 
upstream from Highway 64, receives runoff from 22.7 square miles in Little 
Red Horse Wash. Finally, Node 4 is at the confluence of Little Red Horse 
Wash with Red Horse Wash some 13.5 miles downstream from the mine site. 

The drainage area at this aati 43.4 square miles. 


(Nod 4 4) 
Definitions of Terms 


A number of terms used in this report are defined below: 


Antecedent Moisture Condition(AMC): An index of the amount of soil 
moisture on a watershed just prior to a given rainfall event. Ante- 
cedent soil moisture has a significant effect on runoff volume. Three 
AMC conditions are defined as follows: 
Condition I: Soils are relatively dry with little or no rainfall 
during ae rey us; 5 days. 
Condition II: saiseag eevee. 
lakes nackleiitie rainfall during the previous 5 days» 
sSTtaPTttt oss 
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Fig. 1 - Canyon Mine 


Study Watersheds. 


ithe 


Flood Plain: The area, usually low lands, adjoining the channel of a 
river, stream or watercourse or ocean, lake, or other body of standing 
water, which has been or may be covered by flood water (U.S. Army, 


1972). A huelipel by Hells. S, 


Hydrologic Soil Group: w.soil classification system,cons isting of 


four groups labeled A,B,C,D as follows: C 
Group A: deep, permeable sandy silty or loamy soils. a 
Group B: shallow soils having infiltration characteristics 


similar to Group A soils. 
Group C: less permeable clay loams, shallow sandy loams, soils 


with little organic content, and soils with a high 
clay content. 


Cx nor" : 


Group D: soils with a high shrink/swell potential; heavy plastic 
clays. 


C 
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Node: A reference point along the stream sosinueal ° eid by aa 
upstream or downstream from “he proposed aya ea ere es | 
area (see map, Figure 1). poe Fas vant oe, ae re Le hed 
Probable Maximum Flood(PMF): An estimate of flood magnitude from a Pe. 
probable maximum precipitation event. Probable maximum precipitation 
estimates are based on a three-step analysis: Pkcranat on Hse va, 
amount, Gurakions end cena hy at he largest storms of record ina 
particular area; (2) Tmt in ek ie by increasing their values 
to their physical upper limit, A thts—step—+avetyes a meteorological 
analysts of moisture content of the air mass; and (3) transposition 

of these maximized storms to other areas. 

Recurrence Interval: The average length of time in years between events 
of a given magnitude. This is not to say that having experienced a 
100-year flood, another flood of an equal magnitude will not occur 
again for 100 years. OddsceF ; 


Remaiel aehctieamen 
Roeske (1978): An engineering report (see IV. REFERENCES ) which presents 
regression equations for estimating flood magnitudes at ungaged sites 
for recurrence intervals of 2,5,10,25,50,100, and 500 years. The 
equations are applicable to Arizona. They relate flood peak to one or 
more of the following independent variables: size of drainage area, 
mean basin elevation, and mean annual precipitation. The regression 
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equations, developed from historic runoff data from Arizona streams, 
apply in watersheds that are not significantly affected by regulation, 
diversion, or urbanization. Flood peaks computed from the equations 
developed by Roeske (1978) were used in this study for comparative 
purposes, since these statistical methods are widely used by forest 
hydrologists in Arizona. 

Runoff Curve Number(CN): A runoff coefficient which integrates the 
combined hydrologic effect of soil, land use, hydrologic condition, 
and antecedent soil moisture. To illustrate, the runoff curve number 
for forest land under these various combinations is shown below. 


Hydrologic Curve Number (CN) For 
Condition AMC_and Hydrologic Soil Group 
AMC I AMC II AMC III 
A & © OO A 8B ¢ OD A B C OD 
Poor 27 46 60 68 45 66 77 83 65 83 94 95 
Fair 20 40 54 62 36 60 73 79 56 79 90 94 
Good 12 35 51 60 25 55 70 77 4245 75 87 93 


Sheet Flow Area: An area of shallow flooding...where a clearly defined 
channel does not exist, where the path of flooding is unpredictable and 
indeterminate, and where velocity flow may be evident (*Fed.Emer. Mgt. 
Agency, 1979). 

Time of Concentration (Tc): An index of the time for a hypothetical 
drop of water to travel from the most distant point on the watershed 

to the analysis point. In this study, Tc was estimated as: 


3 \ 0.385 
Te (413 Lk ) 


length of the longest watercourse in miles, and 

difference in elevation between the drainage divide 

and the analysis point in feet. 

Watercourse: Any natural or man-made denression with a bed and 
well-defined banks two feet or more below the surrounding land 
serving to give direction to a current of weber at least nine months 
of the year or having a drainage area of one Square mile or more (U.S. 
Army, 1972). 


Where L 
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Historical Data (August 14, 1984 Flash Flood) 


Both local thunderstorms and general storms of large magnitude have 
been documented near the mine site. In December, 1966, a large frontal-type 
storm lasting for several days generated runoff with a recurrence interval of 
several hundred years on the north rim of the Grand Canyo This storm 
is described in @U.S. Geological Survey Professional paper (Cooley, et al, 


ia addi bon ‘ on Pol ee 7 pimah ee 


A Perhaps of more toca] signttteanga ts the severe eet ich occurred 
on or Red Horse Wash #3e eek: aes fbesteSteed provided a bench 


naPkjor wh ich to base the evaluation of flood potential for Canyon Mine. 
Field reconnaissance of the area and data furnished by the Tusayan District 
Ranger indicates that this storm was confined to Little Red Horse Wash 
upstream from Node 3. the ee Nehonal fe f- 

Peak flows computed by;Mer=dess—trompsen from high water marks and 
Surveys of channel cross-sections and slope at Nodes 0-3 were as follows: 


Estimated 
Peak Discharge From 


August 14, 1984 Storm (c.f.s.) 
106 
908 
1350 
2447 


Node 


wo nm oO 


According to observers who monitored the flood, the crest overtopped Highway 
64, flowed downstream in Little Red Horse Wash, merged with main Red Horse 
Wash (Node 4) and dissipated in the large flat area some 4 miles downstream 
(see Figure 2). Apparently, no significant runoff from this event was 
observed beyond the large open area. 
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Fig. 2 - August 14, 1984 Flash 
Flood in Little Red Horse Wash. 
MILES 


| 
ee. | 
eh 
a 1% 
i} 
| 


. 


ae oes a ES 


‘ 


! 
| 


| -. a, 
> al] ; | 7 ™ pay . 
: pe Lo oe Ait as ie 
} ql ~*~ 28 aAiti\ 7 Ss A 
me ee ee ee ae ; 
oil =, a Py & 2 la 
: : 
! : 


a ow j a cad 


2 
STEED Sane evi Gina COE Sls dd eR a 
key q. | ‘| \ wat yt ~- \ Ls 

r WoOoN a 


as ee ae ae ee ce eg ee ah fe ea ae 


S r 
Y ~7 om 
a 
eS eS 
[2 Sewell oS ne Me | OA ee oP eae a sonal 
2. in cas 
ay 17? #2 
me he 
aie 
fy 
— 
tr eels Cea 
- > 


{ 
~ | : 
\ yp 
Z = 
ge 
z J 
z : ae ' 
F : —) ey ae gle bss eee ea ee 
7 ’ i Os fis 0 t 
hens ap ans das aes pk ae gh ae ee as os os a eb i 
: ; jae ore 2-3 -- t----- ,; ; fn ee 
bos ( U «it "Be cis 
i ; ~ if \ 1 1 I- — ! . 
i Phe eg a te EPS IB sy! f , : 
is tv eeg a: { e ! ma, ° | Vig! 1 Ny ws ame | . oe 
a a : ‘ wR) fp Pe A Shee re. ae ae | = ij A os 
Ly pect ciel a taf Gs AT “ is | % 1%. 3 


Methodolo 


Soil Conservation Service (SCS) hydrologic methods were used to determine 
_ the recurrenge interval (10-yr., 50-yr., 100-yr., etc.) of the August, 1984 
= Or mmN aww 
The handbook methods summarized in McCuen (1982) were used to 
compute volumes and peak flows from 2,10,25,50,100,500, and probable maximum 
floods at Nodes 1-4r2opech ” oa 2 anes 

SCS hydrologic methods determine @ A, peak and runoff volume from a 
given precipitation event by considering the following factors: 

a. Area, shape, total relief, and length of the longest watercourse, 

and 

b. Vegetation cover composition and density, and soil infiltration 

capacity. These watershed parameters are combined to identify 
flood potential/by means of a curve number (CN). 

Two types oe assumed in this analysis as follows: 

1. Thunderstorm on an initially dry watershed “famtecetert=mois ture 

_—roneseeeor- (AMCH I). 

2. Intense rainfall ona inittally wet watershed (AMC III). 

Field data indicate that watershed es ecaigtas A August, 1984 flood 
close¥ly approximated AMC I. The second -Hheed analy js used a similar rain- 
fall distribution but the runoff coefficient was higher due to the assumed 
high levels of soil moisture. 

The physical data necessary to make the #eet=pehemeeed-—analysis were 
obtained from USGS topographic quandrangle maps. Soils information was 
obtained from Soil Conservation Service (1983) and Forest Service (1979) soil 
survey reports. Forest cover composition and density was estimated from a 
field reconnaissance of the area. Precipitation data for the storm events 
considered in this analysis were obtained from a report by Canonie Engineers 
(1985). Table 1 summarizes watershed characteristics at each Node. 


Results 


Table 2 summarizes peak discharges and runoff volumes for AMC I and AMC 


III storms at each Node. Also shown ‘a comparison are: (a) estimated peaks 


generated by the August, 1984 , and (b) peak discharges using 
statistical equations developed by Roeske (1978). 
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Hydrologic 
Features 


Area (mi.2) 


Distance Downstream 
From Node 1 (mi.) 


Time of Concentration 


(hr. ) 


Hydrologic Soil Group 
SCS Classification 


Vegetation 


SCS Curve Number (CN) 
AMC I 


AMC IIT 


24-Hour Precipitation (in.) 


<P i 


Probable Maximum 
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Table ] 


0 ] 
1.08 2.30 
0 
, O75 1.14 
D 


Watershed Characteristics 


22.70 


Pinon/Juniper, Ponderosa Pine, Scrub Oak on 


all watersheds. 


68 68 
93 93 
1.5 148 
2.3 aid 
2.6 2.6 
2.8 2.8 
3.0 3.0 
3.4 3.4 

0 11.0 


EN ('756 


No 


LGA 


Roeske (1978) 


2-yr. 
10 
25 
50 
100 
500 


Est. Aug. 14,1984 


and Runoff Volume for Various Recurrence Interval Storms. 


Table 2 - Summary of Peak Discharge 


Peak 
cfs 


1801 
6750 


33 
203 
392 
601 
878 

1893 


908 


Vol. 
a-f 


lees 
36.8 
55.2 
61.3 
73.6 
104.3 
840.3 


67.5 
196.3 
226.9 
245.3 
282.1 
331.2 

1241.4 


Peak 
cfs 


77 
232 
309 
386 
502 
695 

5328 


425 
1255 
1429 
1544 
1776 
2085 
7815 


44 
258 
49] 
746 

1080 
2290 


1350 


NODE 
2 


Vol. 
a-f 


505.4 
1894.5 


1873 
5448 
6299 
6810 
7831 
9193 
34459 


124 
743 
1327 
1932 
2697 
5315 


2447 


Vol. 
a-f 


121.1 
363.2 
484.3 
605.3 
786 .9 
1089.6 
8353.6 


665.9 
1937.1 
2239.7 
2421.3 
2784.5 
3268.8 

lzeol.9 


2014 
8055 
9062 
10572 
11076 
13593 
50948 


229 
1073 
1873 
2688 
3705 
7119 


ae 
3704. 
4166. 
4860. 
5092. 
6249. 
23424. 
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As seen in Table 2, estimated peaks from the August, 1984 fest Meed— 
had recurrence intervals of over 500 years at Nodes 1 and 2,and 100 years 
at Node 3 when compared with the AMC I and Roeske design peaks. At Node 0, 
the estimated peak had only a ten-year recurrence interval which is consistent 
with field observations. The small watershed immediately above the proposed 
Canyon Mine site apparently was just on the fringe of more intense rainfall 
to the east in Little Red Horse Wash. 


Description of Proposed Concept Drainage Plan 


The proposed Canyon Mine site lies in an area that is subject to shallow 
flooding during extreme runoff. Because clearly defined channels do not 
exist, water spreads out over a broad front before becoming concentrated 
flow in the channel below the mine site at Node 1. The mine site is ina 
"sheet flow area", whereas downstream at Node 1, a defined "flood plain" 
exists (see definitions). Higty water marks indicate that storm runoff from 

SPorem we 
the August, 1984 “Flowed across the site at depths of 6 to 8 
inches. Peak flow was estimated to be 908 ¢.f.s. at Node 1 just below the 
Site. Most of this Peak was generated from the watershed just east of the 
small drainage which contains Node 0. 

The operations plan by Energy Fuels Nuclear (1984) proposes to divert 
storm runoff away from the mine site by means of two trapezoidal channels. 
In addition to the channels, protective dikes would be constructed. These 
dikes are discussed in the plan of operations. 


III. ENVIRONMENTAL OBJECTIVES OF 
SURFACE RUNOFF CONTROL 


In addition to mine safety and economic considerations, a number of 
environmental objectives are important in designing surface runoff control. 
These objectives are: . 

1. to prevent erosion of the ore stockpile even during extreme 

runoff events, 

2. to prevent dispersion of radioactive material and other pollutants 

into the surface and groundwater systems, 

3. to accomplish objectives 1. and 2. above with the least impact to 

the existing environment. 


otis 


IV. EVALUATION OF PROPOSED AND 
ALTERNATIVE DRAINAGE PLANS 


Proposed Drainage Plan (Alternative 1] 


The diversion channels proposed by Energy Fuels Nuclear (1984) would 
be sized to carry runoff from a 100-year, l-hour, event. Additional 
diversion capacity would be provided by the protective dikes. A report by 
Canonie Engineers (1985) lists the following capacities of the proposed 
channels shown in figure 3: 


Peak Flow, cfsl/ 
Precipitation Event Diversion Diversion 
Channel Channel 
A B 
10-yr, 24-hr 111 25 
10-yr, %I-hr 213 67 
100-yr, %I-hr = 465 147 


1/ AMC IT 


Advantages of the proposed system are that storm runoff up to a 100-yr 
recurrence interval could be safely handled by the diversion channels. 
However, during runoff from larger events, channel capacity, would be 
exceeded and flood control would depend on the effectiveness of the dikes. 
It is estimated that the proposed system would be totally effective in 
controlling floods of a 100-year recurrence interval or less Beyond that, 
the system may be only partially effective. 

Disadvantages of the proposed system are that construction of the 
diversion channels would require considerable site disturbance. Moreover, 
the steeper gradients of the artificial channels and concentration of flow 
would cause: (1) increased erosion, and (2) possibly trigger head cutting 
and channel instability unless special precautions are taken to heavily 
armor the bed and banks. 
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REFERENCE: 
OWG ENTITLED “ came poo PROJEC 
AREA OF OPERATION Oe by 
ENERGY FUELS MICLEAR we 

DATED 10/29/84 


OPERATION AREA 
BOUNDARY (FENCED) 


Figure 3 - Proposed Drainage Plan For Canyon Mine 
(Canonie Engineers, 1985). 
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~1 2. 
Alternative Drainage Plan (Alternative 2 


Alternative 2 would not ig anf com contyol storming dey 
runoff. Instead, a dike would be constructed,around the upstream perimeter 
of the mine site.WThis alternative would confine flows to existing natural 
channels, cause the least amount of site and channel disturbance, and be 
totally effective in controlling flood events on the order of at least a 
500-year recurrence interval (see Table 2). A concept plan for Alternative 
2 is shown in Figure 4. As seen in Figure 4, perimeter geometry would be 
modified slightly from the original mine plan to take maximum advantage 

of high ground and existing channel capacity. Another important feature 

of this concept plan is that by reducing perimeter width at the south end 
of the site, additional flow area would be provided in the channels that 
merge together in this area. The ford crossing and approach ramps into the 
site would efficiently control overland flow near the southwest corner of 
the mine site. Heavy riprap would be used to protect the dike from scour 
during high runoff events. Estimated flow characteristics at the southwest 


Outfall and ford at sections A and B (see Fig. 4) are as follows: 


Location Recurrence Discharge Depth Velocity 
Fig.4 Interval(yrs. C.7 8. ft. ft./sec. 
A 500+ 1,827 2.0 S.d 
B 500+ 2,120 2.0 6.7 

. pceae Tt 


Controls |. - stamina» — 


The acti general guidelines for mitigating impacts are suggested 

under Alternativer&: ax 2 * 

Drainage on relocated roads should be in accordance with U.S. Forest 

Service standards. 

There should be only minimum disturbance of existing channels around 

the mine perimeter. 

Channel improvements such as removal of all debris, selected trees, 

and minor excavation should be made to increase capacity. 
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Revegetate all disturbed areas as soon as possible. Reseed previously 


reclaimed areas if necessary until a vigorous vegetation cover is 
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Fig.4 Alternative 2 Conceptual 


Drainage Plan (no scale) 
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established. 
The minimum elevation of the base of the ore pile should be at an 
approximate elevation of 6,500 feet, and not less than 5 feet above 
the ground surface outside the dike along the south edge of the mine 
yard. (This will ensure that erosion of the ore pile will not occur 
during flood events up to a recurrence interval of approximately 
500 years.) ape dé eletig Beisel. sx. wali Oi Fe Gicesscl 4, 
The dike andfother—featuces should be riprapped at all areas where 
flow velocities are sufficient to cause erosion. Such areas include 
the approach ramp and ford on the access road and the entire south 
end of the perimeter, including the dike and spoil embankment. 
All abandoned roads outside the mine perimeter should be brought 
to original grade, water barred, and revegetated. 
The dike and primary stream channels in the vicinity of the mine 
should be routinely maintained to insure their integrity at all 
times. 

Advantages are that Alternative 2 could be implemented with much less 
disturbance than Alternative 1. Retention of original stream alignment and 
gradient would result in significantly less channel erosion than Alternative 
1. Also, sufficient capacity to safely carry large peak flows and channel 
stability are insured by not increasing natural gradients or concentrating 
runoff in sidehill ditches. 


Mine Area Drainage 


Regulations require that drainage structures be sized to control the 
runoff from a 10-year, 24-hour runoff event. However, the retention pond 
should be sized to safely contain runoff from at least a 100-year, recurrence 
interval storm. It should also be lined to prevent seepage. To store a 100- 
year, 24-hour, AMC III runoff event would require a pond capacity of at 
least 2.8 acre feet. This compares with 2.0 acre feet necessary to store 
runoff from a 10-year, 24-hour event. Storage for expected mine water, 
etc. should be in addition to the 2.8 acre-foot minimum. 

In addition to an extablished minimum elevation of approximately 6,500 
feet for the base of the ore pile, the pad on which the pile rests sh uld 
be made impervious and graded so that all runoff immediately Foe LEE the 
retention pond. Grading inside the mine site should be away from the spoils 
embankment and perimeter dike. 
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V. DOWNSTREAM IMPACTS 


An issue concerning the proposed Canyon Mine development is the 
potential downstream effects given the unlikely occurrence of ore pile 


and mine area runoff and. sediment eek introduced,into the surface water 
~ > etn Vit 


system as the result of . These effe ts would vary depending 


n the magnitude of storm runoff and tla dk so Lo itul, tf 
feory ae ee be as J a 


enna. Lon 


Assumptions 


Two scenarios were assumed in addressing this issue as follows: 
1. Potential downstream effects from a local AMC I thunderstorm 


centered immediately upstream of the proposed mine site. Affected 


Ky area is approximately 1 mi.?, 


&, Potential downstream effects from an extreme AMC III rainfall event. 
The affected area in excess of 40 wi.” would include all of the area drained 


by Little Red Horse Wash.. 
The first scenario assumes that the flash flood is dissipated by the 


channel system much like the August, ca! The Zecond scenario assumes 
that the downstream impacts of initial img! above the mine is 


the 


ee el reduced by dilution. 
3, Je 


oudrod {acl hs peverhbome, Siwee SF tents 


Figure 5 summarizes the estimated downstream effects of a thunderstorm 


centered over a 1-mi.* area for storms of various recurrence interval. In 
this scenario, it was assumed that the 500-year runoff generated upstream 
from the mine is dissipated in a linear fashion on logarithmic paper to 
some negligible amount some 18 miles downstream from the mine. This is 


moe 

believed to be a conservative assumption, since the August 14, 1984 fresh 
= s 2 " a 
~—eudk, which was generated; by palnyasapover a considerably larger are 


than 1 square mile, apperenthy was,dissipatedé in this distance. Runoff 
just above the mine site (at Node0Q) was determined from Tables 1 and 2 
for each recurrence interval storm. As seen in Figure 5, the estimated 
downstream reduction of initial runoff was estimated by scaling each 
recurrence interval storm parallel to the assumed 500-year relationship. 
The reader is referred to Figure 1 for the locations of each Node plotted 
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in Figures 5 and 6. 
Downstream dilution of initial impact from an AMCI thunderstorm and 


.. | runoff at Node 0 
an AMC III general storm was computed by the ratio caer Gt dome tren one 


X 100. Data for computing each percentage for the AMC III general storm were 
obtained from Table 2. Data for computing each percentage for the AMC I 
thunderstorm were similarly obtained from Figure 5. 


Results 


Figure 6 summarizes percent of initial impact (concentration or load) 
as a function of distance downstream for the AMC I thunderstorm and AMC III 
sIfay concn EBERT HTB d JOO scenarios show considerable reduction of aap impact 

(ei in the first 2°miles. Just below Owl Tank at Node’ 2, the reduction of 
initial impact would be 70 percent for the AMC III general storm and 90 
percent for the AMC I thunderstorm. At Node 4, some 13.5 miles downstream, 
it is estimated that initial impact would be diminished about 98 percent 
under both scenarios. 


Solubility and Sedimentation Analysis 


The relationships in Figure 6 can be used to estimate downstream 
radioactivity and quantities of other pollutants as the result of possible 
releases of leacheate and/or sediment from the mine site. During a local 
thunderstorm, concentrations of these materials are assumed to be constant, 
and the residual impact is expressed as load. During a general storm,the 
initial concentration is reduced downstream as the result of inflows from 
a rapidly increasing drainage area. 


VI. CONCLUSIONS 
Shinty, rived Pee ee 
The proposed Ca Ming can be protected froma major fesh—flogd 
ics ; Rane for OVdsvynebe . cui 

by means of  dikeyaround the entire upstream perimeter of the area. 
Improvement of existing primary stream channels consisting of debriis)and 

Cg WACO EE 
selected tree removal, minor excavation and wipran Moule provi a) Sore 

cM tyinw 
pam adequate to safely carry at least a 500-year #+echemdieed around the 

mine site. 
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A minimum elevation for the base of the ore pile at approximately 
6,500 feet and at least 5 feet above ground elevation outside the dike near 
the south edge of the mine yard and heavy riprap on the downstream face of 
the spoils embankment on which the ore pile will rest, would make any 
erosion of uranium ore unlikely during a major ued UT, 

Impacts from any sediment or leacheate introduced at the mine rapidly 
diminish with distance downstream. At the confluence of Little Red Horse 
Wash with Red Horse Wash some 13.5 miles downstream, it is estimated that 
initial impact would be diminished by about 98 percent for both general 
and local thunderstorm flood occurrences. 
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wettest was 25.51 inches in 1982. Water yield from this area is perhaps 
2 inches or less each year. 

The area is subject to intensive rainfall and infrequent but major 
floods. High-intensity rainfall confined to small areas and lasting for 
a short time is responsible for most floods. However, general frontal- 
type storms over large areas can also cause extreme runoff from rainfall 
and/or snowmelt. 


Canyon Mine Watersheds 


Figure 1 shows the watersheds considered in this study. The shaded 
areas in Figure 1 are watersheds that would directly impact the proposed 
development. Five reference locations, or nodes, define the outlet of the 
primary drainage areas. Node 0 is located just upstream of the proposed mine 
site. This watershed drains approximately 1.0 square miles. Node 1 located 
just below the site, has a drainage area of 2.3 square miles. Node 2 is just 
below Owl Tank, and has a-drainage area of 3.5 square miles. Node 3, just 
upstream from Highway 64, receives runoff from 22.7 square miles in Little 
Red Horse Wash. Finally, Node 4 is at the confluence of Little Red Horse 
Wash with Red Horse Wash some 13.5 miles downstream from the mine site. 
Drainage area at this location is 43.4 square miles. 


Definitions of Terms 


A number of terms used in this report are defined below: 


Antecedent Moisture Condition(AMC): An index of the amount of soil 
moisture on a watershed just prior to a given rainfall event. Ante- 
cedent soil moisture has a significant effect on runoff volume. Three 
AMC conditions are defined as follows: 
Condition I: Soils are relatively dry with little or no rainfall 
during the prevtous 5 days. . 
Condition IT: average conditions. 
Condition IIT: significant rainfall during the previous 5 days; 
saturated soils. 
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Flood Plain: The area, usually low lands, adjoining the channel of a 
river, stream or watercourse or ocean, lake, or other body of standing 
water, which has been or may be covered by flood water (U.S. Army, 
1972) . 
Hydrologic Soil Group: a soil classification system consisting of 
four groups labeled A,B,C,D as follows: 
Group A: deep, permeable sandy silty or loamy soils. 
Group B: shallow soils having infiltration characteristics 
similar to Group A soils. 
Group C: less permeable clay loams, shallow sandy loams, soils 
with little organic content, and soils with a high 
clay content. 
Group D: soils with a high shrink/swell potential; heavy plastic 
clays. 
Node: A reference point along the stream channel referenced by distance 
upstream or downstream from the proposed canyon mine and by drainage 
area (see map, Figure 1). 
Probable Maximum Flood(PMF): An estimate of flood magnitude from a 
probable maximum precipitation event. Probable maximum precipitation 
estimates are based on a three-step analysis: (1) determining the area, 
amount, duration, and intensity of the largest storms of record in a 
particular area; (2) maximizing these storms by increasing their values 
to their physical upper limit. This step involves a meteorological 
analysis of moisture content of the air mass; and (3) transposition 
of these maximized storms to other areas. 
Recurrence [nterval: The average length of time in years between events 
of a given magnitude. This is not to say that having experienced a 
100-year flood, another flood of an equal magnitude will not occur 
again for 100 years. Odds are only 50-50 that this will in fact 
happen, 
Roeske (1978): An engineering report (see IV. REFERENCES) which presents 
regression equations for estimating flood magnitudes at ungaged sites 
for recurrence intervals of 2,5,10,25,50,100, and 500 years. The 
equations are applicable to Arizona. They relate flood peak to one or 
more of the following independent variables: size of drainage area, 
mean basin elevation, and mean annual precipitation. The regression 
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Historical Data (August 14, 1984 Flash Flood) 


Both local thunderstorms and general storms of large magnitude have 
been documented near the mine site. In December, 1966, a large frontal-type 
storm lasting for several days generated runoff with a recurrence interval of 
several hundred years on the north rim of the Grand Canyon. This storm 
is described in a U.S. Geological Survey Professional paper (Cooley, et al, 
1977). 


Perhaps of more local significance ts the severe flood which occurred 
on Little Red Horse Wash last August. This flash flood provided a bench 
mark on which to hase the evaluation of flood potential for Canyon Mine. 
Field reconnaissance of the area and data furnished by the Tusayan District 
Ranger indicates that this storm was confined to Little Red Horse Wash 
upstream from Node 3. 
Peak flows computed by Mr. Jess Thompson from high water marks and 
surveys of channel cross-sections and slope at Nodes Q-3 were as follows: ~ 


ete 


ye 
Methodology 


Soil Conservation Service (SCS) hydrologic methods were used to determine 
the recurrence interval (10-yr., 50-yr., 100-yr., etc.) of the August, 1984 
flash flood. The handbook methods summarized in McCuen (1982) were used to 
compute volumes and peak flows from 2,10,25,50,100,500, and probable maximum 
floods at Nodes 1-4. 

SCS hydrologic methods determine a flood peak and runoff volume from a 
given precipitation event by considering the following factors: 

a. Area, shape, total relief, and length of the longest watercourse, 

and 

b. Vegetation cover composition and density, and soil infiltration 

capacity. These watershed parameters are combined to identify 
flood potential by means of a curve number (CN). 

Two types of flood were assumed in this analysis as follows: 

1. Thunderstorm on an initially dry watershed (antecedent moisture 

condition (AMC) TI). 

2. Intense rainfall on a initially wet watershed (AMC III). 

Field data indicate that watershed condition during the August, 1984 flood 
closedly approximated AMC I. The second flood analysis used a similar rain- 
fall distributton but the runoff coefficient was higher due to the assumed 
high levels of soil moisture. 

The physical data necessary to make the flood potential analysis were 
obtained from USGS topographic quandrangle maps. Soils information was 
obtained from Soil Conservation Service (1983) and Forest Service (1979) soil 
survey reports. Forest cover composition and density was estimated from a 
field reconnaissance of the area. Precipitation data for the storm events 
considered in this analysis were obtained from a report by Canonie Engineers 
(1985). Table 1 summarizes watershed characteristics at each Node. 


Results 


Table 2 summarizes peak discharges and runoff volumes for AMC I and AMC 
III storms at each Node. Also shown for comparison are: (a) estimated peaks 
generated by the August, 1984 flash flood, and (b) peak discharges using 
statistical equations developed by Roeske (1978). 
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Alternative Drainage Plan (Alternative 2) 


Alternative 2 would not use man-made channels to control storm 
runoff. Instead, a dike would be constructed around the upstream perimeter 
of the mine site. This alternative would confine flows to existing natural 
channels, cause the least amount of site and channel disturbance, and be 
totally effective in controlling flood events on the order of at least a 
500-year recurrence interval (see Table 2). A concept plan for Alternative 
2 is shown in Figure 4. As seen in Figure 4, perimeter geometry would be 
modified slightly from the original mine plan to take maximum advantage 
of high ground and existing channel capacity. Another important feature 
of this concept plan is that by reducing perimeter width at the south end 
of the site, additional flow area would be provided in the channels that 
merge together in this area. The ford crossing and approach ramps into the 
site would efficiently control overland flow near the southwest corner of 
the mine site. Heavy riprap would be used to protect the dike from scour 
during high runoff events. Estimated flow characteristics at the southwest 


Outfall and ford at sections A and B (see Fig. 4) are as follows: 


Location Recurrence Discharge Depth Velocity 

(Fig.4) Interval(yrs.) (c.f.s.) (ft.) (ft./sec.) 
500+ 1,827 2.0 6.3 
500+ 2,120 2.0 6.7 


The dike doother features should be rip ped at all areas where 
flow velocities are sufficient to cause erosion. Such areas include 
the approach ramp and ford on the access road and the entire south 
end of the perimeter, including the dike and spoil embankment. 

All abandoned roads outside the mine perimeter should be brought 

to original grade, water barred, and revegetated. 

The dike and primary stream channels in the vicinity of the mine 
should be routinely maintained to insure their integrity at all 
times. 

Advantages are that Alternative 2 could be implemented with much less 
disturbance than Alternative 1. Retention of original stream alignment and 
gradient would result in significantly less channel erosion than Alternative 
1. Also, sufficient capacity to safely carry large peak flows and channel 
stability are insured by not increasing natural gradients or concentrating 
runoff tn sidehill ditches. 


Mine Area Drainage 


Regulations require that drainage structures be sized to control the 
runoff from a 10-year, 24-hour runoff event. However, the retention pond 
should be sized to safely contain runoff from at least a 100-year, recurrence 
interval storm. It should also be lined to prevent seepage. To store a 100- 
year, 24-hour, AMC IIT runoff event would require a pond capacity of at 
least 2.8 acre feet. This compares with 2.0 acre feet necessary to store 
runoff from a 10-year, 24-hour event. Storage for expected mine water, 
etc. should be in addition to the 2.8 acre-foot minimum. 

In addition to an extablished minimum elevation of approximately 6,500 
feet for the base of the ore pile, the pad on which the pile rests should 
be made impervious and graded so that all runoff immediately flows in to the 
retention pond. Grading inside the mine site should be away from the spoils 
embankment and perimeter dike. 
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Controls 


The following general guidelines for mitigating impacts are suggested 
under Alternative 1 and 2: 
Drainage on relocated roads should be in accordance with U.S. Forest 
Service standards. 
There should be only minimum disturbance of existing channels around 
the mine perimeter. 
Channel improvements such as removal of all debris, selected trees, 
and minor excavation should be made to increase capacity. 
Revegetate all disturbed areas as soon as possible. Reseed previously 
reclaimed areas if necessary until a vigorous vegetation cover is 
established. 
The minimum elevation of the base of the ore pile should be at an 
approximate elevation of 6,500 feet, and not less than 5 feet above 
the ground surface outside the dike along the south edge of the mine 
yard. (This will ensure that erosion of the ore pile will not occur 
during flood events up to a recurrence interval of approximately 
500 years.) 
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V. DOWNSTREAM IMPACTS 


An issue concerning the proposed Canyon Mine development is the 
potential downstream effects given the unlikely occurrence of ore pile 
and mine area runoff and sediment being introduced into the surface water 
system as the result of flash flooding. These effects would vary depending 
on the magnitude of storm runoff. 


Assumptions 


Two scenarios were assumed in addressing this issue as follows: 

1. Potential downstream effects from a local AMC I thunderstorm 
centered immediately upstream of the proposed mine site. Affected 
area is approximately 1 mi.’, 

2. Potential downstream effects from an extreme AMC III rainfall event. 
The affected area in excess of 40 mi.’ would include all of the area drained 
by Little Red Horse Wash. 

The first scenario assumes that the flash flood is dissipated by the 
channel system much like the August, 1984 event. The second scenario assumes 
that the downstream impacts of initial flash flooding above the mine is 
subsequently reduced by dilution. 


Methodology and Field Measurements 


Figure 5 summarizes the estimated downstream effects of a thunderstorm 
centered over a 1-mi.* area for storms of various recurrence interval. In 
this scenario, it was assumed that the 500-year runoff generated upstream 
from the mine is dissipated in a linear fashion on logarithmic paper to 
some negligible amount some 18 miles downstream from the mine. This is 
believed to be a conservative assumption, since the August 14, 1984 flash 
flood, which was generated by rainfall over a considerably larger area 
than 1 square mile, apparently was dissipated in this distance. Runoff 
just above the mine site (at Node0Q) was determined from Tables 1 and 2 
for each recurrence interval storm. As seen in Figure 5, the estimated 
downstream reduction of initial runoff was estimated by scaling each 
recurrence interval storm parallel to the assumed 500-year relationship. 
The reader is referred to Figure 1 for the locations of each Node plotted 
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A minimum elevation for the base of the ore pile at approximately 
6,500 feet and at least 5 feet above ground elevation outside the dike near 
the south edge of the mine yard and heavy riprap on the downstream face of 
the spoils embankment on which the ore pile will rest, would make any 
erosion of uranium ore unlikely during a major flood. 

Impacts from any sediment or leacheate introduced at the mine rapidly 
diminish with distance downstream. At the confluence of Little Red Horse 
Wash with Red Horse Wash some 13.5 miles downstream, it is estimated that 
initial impact would be diminished by about 98 percent for both general 
and local thunderstorm flood occurrences. 


The affected area in excess of 40 mi? would include all of the area drained 


by Little Red Horse Wash. 
The first scenario assumes that the flash flood is dissipated by the 


channel system much like the August, 1984 event. The second scenario assumes 
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in Figures 5 and 6. 
Downstream dilution of initial impact from an AMCI thunderstorm and 


. | runoff at Node 0 
an AMC III general storm was computed by the ratio tounore AL downetrean Node 


X 100. Data for computing each percentage for the AMC III general storm were 
obtained from Table 2. Data for computing each percentage for the AMC I 
thunderstorm were similarly obtained from Figure 5. 


Results 


Figure 6 summarizes percent of initial impact (concentration or load) 
as a function of distance downstream for the AMC I thunderstorm and AMC III 
general storm. Both scenarios show considerable reduction of initial impact 
in the first 2 miles. Just below Owl Tank at Node 2, the reduction of 
initial impact would be 70 percent for the AMC III general storm and 90 
percent for the AMC I thunderstorm. At Node 4, some 13.5 miles downstream, 
it is estimated that initial impact would be diminished about 98 percent 
under both scenarios. 


Solubility and Sedimentation Analysis 


The relationships in Figure 6 can be used to estimate downstream 
radioactivity and quantities of other pollutants as the result of possible 
releases of leacheate and/or sediment from the mine site. During a local 
thunderstorm, concentrations of these materials are assumed to be constant, 
and the residual impact is expressed as load. During a general storm, the 
initial concentration is reduced downstream as the result of inflows from 
a rapidly increasing drainage area. 


VI. CONCLUSIONS 


The proposed Canyon Mine can be protected from a major flash flood 
by means of a dike around the entire upstream perimeter of the area. 
Improvement of existing primary stream channels consisting of debris and 
selected tree removal, minor excavation and riprap would provide a flood 
plain adequate to safely carry at least a 500-year flash flood around the 
mine site. | 
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Mr. Brad Doores 

Energy Fuels Nuclear, Inc. 
Three Park Central Plaza 
1515 Arapahoe 

Denver, Colorado 80202 


Dear Brad: 


In accordance with our telephone conversation yester- 
day, the following are our comments on the latest draft report 
on hydrologic impacts of the proposed Canyon Mine. 


1. “Historical Data", p. 5 - According to the draft 
report, the data from the August 14, 1984 flash flood provides a 
"benchmark" to evaluate ‘flood potential at the Canyon Mine. 
While the 1984 flood is discussed in detail, it is not clear how 


‘that data is used either to (a) evaluate the size or probability 


of a flood at the mine site, or (b) design the flood control 
structures. The analysis of the floods at the site seems based 
upon the calculated flows (see Table 2) not the 1984 flood. The 
use and importance of that data needs to be’made more under- 
standable. 


2. “Probable Maximum Flood", p. 4 - From the perspec- 
tive of an EIS analysis, this definition is confusing. We 
assume that it means the probable upper limit on the size of any 
single flood, not the probable (likely or common) large flood. 

A few changes would eliminate any confusion. 


3. "Description", p. 10 -— The characterization of the 


proposed mine site as a "flood plain" should be clarified or 
deleted. If the site is within a flood plain as defined by the 
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Forest Service NEPA implementing regulations and Executive Order 
11988, new review requirements may be triggered. The descrip- 
tion of the site does not seem to fall within that definition, 
but that issue should be clarified. We will provide you some 
additional guidance concerning the definition but the report 
should simply avoid the term if possible. 


4. “Evaluation of Proposed and Alternative Drainage 
Plans", p. 11 - For the non-hydrologists who may use and read 
the report, there needs to be some brief explanation of the pro- 
cess that turns flood potential data (e.g., Table 2) into drain- 
age plan designs. For example, what is the basis for the con- 
clusion that the proposed plan will handle only a 100-year event 
yet the alternative can safely carry away a 500-year flood? 


5. "Controls", p. 12 - Should similar controls be 
suggested for the proposed plan? The last paragraph in this 
section concludes that the alternative could be implemented with 
much less disturbance. Where will the material to build the 
dikes will be obtained? Is that relevant or significant? 


6. "Downstream Impacts", p. 14 - Does this analysis 
apply equally to both drainage plans? If so, that should be 
stated. If it applies to one alternative, both plans should be 
analyzed equally. 


7. “Assumptions", p. 15 - Why were these scenarios 
chosen? Are they both for 500-year events, or for a series of 
events of increasing size (i.e. Figure 5)? What does the 
analysis assume about the amount of contaminant which leaves the 
site, or is it equally valid for any and all releases? These 
issues must be treated in the text. 


8. "Conclusions", p. 17 - The conclusions should be 
based on a comparison of the two alternatives rather than the 
apparent adoption of Alternative 2. In addition, we suggest 
that "flood plain" as used here is confusing and the language 
should be revised. 


truly yours, 


ite 


Patrick J. Garver 
PJG: lr 
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MEMORANDUM OF UNDERSTANDING fy 0880 
BETWEEN 
KAIBAB NATIONAL FOREST, UNITED STATES FOREST SERVICE 
AND 


ENERGY FUELS NUCLEAR, INC., DENVER, COLORADO 


THIS MEMORANDUM OF UNDERSTANDING, made and entered into by 
and between Energy Fuels Nuclear, Inc. ("EFN") and the KAIBAB 
NATIONAL FOREST, USDA FOREST SERVICE (the "Forest Service"), 
under the provisions of the Act of January 1, 1970, National 
Environmental Policy Act (NEPA) PL 91-190. 

Wil. RES & ET Br 

WHEREAS, EFN has submitted to the Forest Service a plan of 
operations in conjunction with its proposed Canyon Uranium Mine 
(the “Mine"); 

WHEREAS, the Forest Service aelicclinigen EFN's sight of 
entry on National Forest lands for the purpose of extracting 
valuable deposits of locatable minerals and recognizes that 
mineral development on such lands may be compatible with the 
stated management objectives of the Forest Service provided they 
are conducted in accordance with 36 CFR 228 (1984); 

WHEREAS, the Forest Service is required to prepare an 
environmental impact statement for any Federal action affecting 
National Forest System lands that may have a significant impact 
on the human environment; 

WHEREAS, in view of the Forest Service's initial review of 


EFN's plan of operations, the possibility of additional mining 


‘epo. Exh. Neo. ) 
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proposals in the future, the parties’ mutual desire to facilitate 
Forest Service consideration of such proposals and the apparent 
public interest in the proposed Mine, the Forest Service has 
determined that an environmental impact statement ("EIS") 
considering the likely impacts of the Mine should be prepared; 
and 

WHEREAS, the Forest Service and EFN intent to comply with 
NEPA; 

NOW, THEREFORE, in consideration of the above premises, the 
parties hereto agree as follows: 
A. EFN shall: 

1. Retain at EFN's expense an independent third-party (the 
"Facilitator") who will work with the Forest Service to 
facilitate the preparation of the EIS, including, but not limited 


to, facilitating the coordination of efforts of the Forest 


2 


Services' interdisciplinary team and the exchange of information 
among interested parties relating to the Mine and its potential 
environmental impacts; and 

2. Provide at EFN's expense certain information and data in 
its possession or acquired from independent third-party sources 
pertaining to: 

(a) Existing and expected levels of radioactivity 
resulting from development of the Mine, and its effect, if ‘any, 
on the health, safety and well-being of local communities and the 
local environment; 

(b) Affected ground water resources, if any, and the 


potential effects of the proposal on such resources; 
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(c) EFN's compliance with applicable State and Federal 
regulatory standards which apply to the proposal; and 

(d) Financial and economic data pertaining to levels of 
expected employment, tax expenditures to counties, etc., from 
implementation of the proposal based on projections from similar 
undertakings. 
B. The Forest Service Shall: 

1. Select the Facilitator and approve any subcontractors 
identified by the Facilitator who may, at EFN's expense, assist 
in the preparation of the EIS; 

2. Require that the Facilitator and any such subcontractors 
execute Statements of Financial Interest certifying that they do 
not have a financial interest in the outcome of the Mine 


Py 


proposal; : 

3. Exercise its responsibility for the preparation of the 
draft and final EIS in accordance with NEPA and appiiGable 
regulations; 

4. Endeavor to complete and distribute for public and other 
agency review the draft EIS by August, 1985; and 

5. Endeavor to issue a final EIS by November, 1985, and a 
record of decision as soon as possible thereafter. 
Cc. It is mutually agreed and understood by and between the said 
parties that: | 

1. The Facilitator will report to and work on a full-time 
basis on the EIS under the direct supervision of the Forest 
Service. The Forest Service shall carefully monitor and approve 
each material element of the work of the Facilitator to assure 
that the Forest Service's requirements under NEPA are satisfied; 
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2. Meetings shall be held between the Forest Service, EFN 
and the Facilitator (and other subcontractors of the Facilitator, 
if necessary or appropriate) to review the progress of the 
preparation of the EIS under this Agreement. These meetings 
shall be held at approximately ten (10) day intervals beginning 
on Friday, April 25, 1985, at a time and place that is mutually 
convenient to the parties. The Facilitator shall report to the 
Forest Service and EFN at each meeting on the progress of the 
EIS, problems encountered and suggested changes in scope, 
personnel, methodology or schedules for completion. As each 
portion of any draft or final document is completed, Facilitator 
shall transmit such portion simultaneously to the Forest Service 
and EFN for consideration at such meetings; 

3. The contents and conclusions arrived at in both the 


draft EIS and final EIS will be the sole responsibility of the 


s 
ce > 


Forest Service; 

4. Nothing in this Agreement shall be construed as 
obligating the Forest Service to expend or as involving the 
United States in any contract or other obligation for the future 
payment of money; 

5. This Agreement in no way restricts the Forest Service 
from cooperating with or receiving information pertinent to the 
preparation of the EIS from other public agencies, private 
organizations, and individuals; 

6. This Agreement shall be effective upon execution by both 


parties hereto; 
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7. Necessary amendments to this Agreement may be made as 
needed in accordance with mutually agreeable suggestions from the 
parties involved, each of the parties to be signatory to each 
amendment and to receive copies thereof; 

8. Either party may terminate the Agreement by providing 
fifteen (15) days written notice. Unless terminated by written 
notice, this Agreement will remain in force until the final EIS 
is completed; 

9. No member of, or delegate to, Congress or Resident 
Commissioner shall be admitted to any share or part of this 
Agreement or to any benefit to arise therefrom. Nothing, 
however, herein contained shall be construed to extend to any 
incorporated company, if this Agreement is for the general 
benefit of such corporation ‘or company; and 

10. All costs incurred in connection with the employment of 
the Facilitator and any and all of ite’ subcontractors shafl be 
the sole responsibility of EFN and EFN agrees to hold harmless 
and indemnify the Forest Service, its officers, agents and 
employees, with respect to any and all judgments or settlements 
arising from claims, demands or causes of action in connection 
with the employment of the Facilitator and any and all of its 
subcontractors which may arise from the termination of 
performance of this Agreement, contracts related to this 
Agreement or any other services or purchases of materials by such 
parties utilized for the development and preparation of the EIS, 
or from termination of this Agreement. This indemnification by 


EFN does not extend to suits by third parties (other than the 


Facilitator or its subcontractors) against the Forest Service 
involving the legality or adequacy of the Forest Services' 
compliance with NEPA. 

IN WITNESS WHEREOF, the parties hereto have executed this 


agreement as of the last written date below. 


Kaibab National est 


ete 


Brad L. Doores, 
Vice President 
Energy Fuels Nuclear, Inc. 
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6551 South Revere Parkway 
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Engiewood, Coiorado 8011 } 
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Mr. Harold Roberts 

Energy Fuels Nuclear, Inc. 

Three Park Central * 

Suite 900 EN 0036 
1515 Arapahoe Street 

Denver, Colorado 80202 


Letter Report 
Evaluation of Adequacy of Diversion Ditch System 
Canyon Mine, Coconino County, Arizona 


Dear Mr. Roberts: 


This report summarizes the results of our findings regarding the adequacy 
of Energy Fuels Nuclear, Inc.'s (EFN) proposed diversion ditch system at 
the Canyon Mine site, Coconino County, Arizona. The work for this project 
included the following tasks: 


o Determination of the adequacy of the proposed diversion ditches to 
pass the peak flows resulting from a 10-year, 24-hour storm and 
evaluation of the prudence of selecting such a design criteria; 


o Determination of the frequency of the storm that will safely 
pass through the proposed or moderately altered diversion ditches; 


o Recommendations for erosion protection. 


The diversion ditches and their tributary watersheds are delineated on 
Figure 1. Watershed A, located northeast of the mine site, encompasses 
approximately 600 acres. Watershed B, the smaller watershed northwest of 
the mine site, has an area of approximately 100 acres. A more detailed 
plan view of the diversion ditch system is shown on Figure 2. 
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Summary of Findings BX COG"? 

Our evaluation indicates that the diversion ditch sections shown on Figure 
3 will not only pass the peak flows resulting from the 10-year, 24-hour 
storm as recommended by NRC (1983) in their staff technical position paper 
on Hydrologic Design for Tailings Retention Systems, but will also pass the 
10-year, one-hour, and 100-year, one-hour storms provided that the ditches 
are suitably protected against erosion. 


Application of the 10-year, 24-hour storm resulted in a peak flow of lil 
cfs in diversion ditch A and 25 cfs in diversion ditch B. Subsequent and 
conservative application of the 10-year, one-hour storm resulted in a peak 
flow of 213 cfs for diversion ditch A and 67 cfs for diversion ditch B. 

The ditches will also pass the peak flows resulting from a 100-year, 1l-hour 
storm (465 cfs for diversion ditch A and 147 cfs for diversion ditch B). 
Table 1 summarizes the peak flow in each diversion ditch for the precipita- 
tion events investigated in the course of this study. 


The cross section proposed for diversion ditch B as shown on Figure 3 

differs from EFN's design by the addition of a 5-foot bottom width to what 
was originally a triangular section. The cross section for diversion ditch 
A has 2:1 side slopes, compared to 1:1 and 3:1, as EFN originally proposed. 


Methodology for Peak Flow Determination 


In order to implement prudent conservatism in selection of the maximum 
practical flow which needs to pass through the diversion ditches, we 
examined the time of concentration of each watershed. The time of concen- 
tration of a watershed is proportional to its ability to dissipate the 
peak flow at the discharge point resulting from a given amount of rain- 
fall. Watersheds with a short time of concentration have limited potential 
to dissipate the peak flow resulting from high-intensity rainfall. The 
times of concentration for the examined watersheds are short; 48 minutes 
for watershed A and 19 minutes for watershed B which causes the diversion 
ditch flow to be highest when the watersheds are subjected to short- 
duration, high-intensity storms. Because of this relationship, we evalu- 
ated the diversion ditch system in terms of its ability to pass the flow 
resulting from a 10-year, one-hour storm and, as the worst practical 
possibility, a 100-year, one-hour storm. 


The Soil Conservation Service (SCS) triangular unit hydrograph method 
(Bureau of Reclamation 1977) was applied to determine the 

peak flow of diversion ditches A and B. This method establishes a time 
distribution of runoff from a given time distribution of precipitation by 
accounting for the following factors: 
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o Area, shape, total relief, and length of longest watercourse of a 
watershed basin; 


o Vegetative cover type and density, and the infiltration capacities 
of the soils present in the watershed basin. These characteristics 
are combined to identify the runoff potential via a curve number. 


The physical characteristics were taken from the USGS topographic guad- 
rangle "Tusayan East." Soils information was obtained from a Soil Conser- 
ation Service (1983) report. This report indicated that class D soils 

are present within 5 miles of the project site. Since class D is lowest in 
infiltration rate and, therefore, highest in runoff potential, no loss in 
conservatism of design was caused by extrapolating this condition to the 
site. The type of vegetation cover, ponderosa and pinon pine, was taken to 
be that reported by EFN. Finally, the ground cover density was estimated 
from inspection of aerial photos provided by EFN. A summary of the 
characteristics of watersheds A and B is shown in Table 2. 


Table 2 also shows precipitation data for the storm events considered in 
this study. (Rainfall-duration-frequency data was obtained from the 
National Oceanic and Atmospheric Administration Atlas (NOAA, 1971). The 
precipitation amounts reported therein represent the total amount of 
rainfall occurring at a single point in the specified period of time. 
Because the watersheds in question are small, the point rainfall can be 
considered the same as the areal rainfall. 


The time distribution of the 24-hour rainfall was based on Figure 21.2 of 
the SCS National Engineering Handbook - Hydrology, Part IV (1972). This 
cumulative distribution was established so as to produce high intensities 
of rainfall, thus producing high maximum flow rates for a conservative 
design. The one-hour thunderstorm event was distributed according to 
15-minute increments as outlined in NOAA-COE (1977). This distribution 
accounts for 74 percent of the one-hour precipitation in the first 15 
minutes of the storm, ensuring a conservative estimate of the peak flow. 


Diversion Ditch Sizing 


Manning's equation (Chow, 1959) was used to calculate the diversion ditch 
depth and velocities of flow for the alignment, longitudinal slope, and 
peak flow quantities for each diversion channel. The equation is written 
as follows: 
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Q = 1.49 pp2/3 sl/2 
n 


where Q = flow rate, cfs; EN @&39 
n = channel roughness, dimensionless; 
A = cross sectional area of flow, ft2; 
R = hydraulic radius, feet; 
S = longitudinal slope, dimensionless. 


When Q, n, and S are provided or determined, the depth of flow required to 
maintain a uniform flow in a trapezoidal channel is a function of bottom 
width and side slope. Initially, the depth and velocities of flow for the 
diversion channels shown on Figure 3 were computed for the various storm 
events using a Manning's roughness coefficient of 0.022 which is represen- 
tative of clean, weathered, excavated channels (Chow, 1959). The results 
are shown on Table 3. The channel sections shown in Figure 3 are able to 
pass the peak flow resulting from precipitation events up to a 100-year, 
one-hour storm without overtopping. However, the velocities of such flows 
would be erosive if no adequate protection of the channel is implemented. 


Since the area available for reducing the slope of each ditch is limited, 
the roughness coefficient appears to be the only variable which can prac- 
tically be altered to reduce the calculated velocities. We recommend that 
the channels be made rougher by lining them with riprap. The purpose of 
the riprap would be to: 


o Decrease the velocity of flow in the channels so that subcritical 
velocities can be maintained; 


o Prevent erosion of the channel banks and bottoms, which would 
otherwise occur even at the reduced velocities. 


Table 4 summarizes the results for depth and velocity of flow in the 
erosion-protected diversion ditches. As shown, these results are based on 
a Manning's roughness, n, of 0.040, which is obtainable from a suitable 
riprap design. eo ee 


Erosion Protection System 


The riprap erosion protection system is being considered because of its 
ability to provide the necessary roughness to reduce diversion ditch 
velocities to subcritical conditions. The riprap should be designed for a 
minimum-size rock which will not be washed away by the water, and for a 
maximum-size and gradation so as to prevent underscour of the excavated 
channel material. Such a system can be designed using procedures as 
described in COE (1970). 


f O rate a ee ae [ee ee 


Mr. Harold Roberts 5 March 18, 1985 


Additionally, the following methods may be considered, but have substantial 
cost: ; 


o Providing concrete steps in each channel to reduce average slope and 
dissipate energy; 


o Using a precast erosion control mat. 
Summar 


The diversion ditch system presented in the report represents minor modifi- 
cations to the channel sections originally proposed by EFN and provides 

for an erosion protection system along the bottoms and sides of the chan- 
nels. These ditches will pass the peak flows resulting from one-hour storm 
events having recurrence intervals of up to 100 years. The design is more 
conservative than what would be required by using NRC (1983) criteria 
because storms at longer recurrence intervals were used and because the 
ditches will experience larger peak flows from short-duration, high- 
intensity precipitation events rather than from long-duration precipitation 
events. 


We appreciate the opportunity to have worked on this project. Please call 
should you have any questions regarding this report. 


Yours truly, 


Joek Siegel, = 


Proj Engineer ae 


Roman S. Popiela 
Project Superviso 
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Precipitation 
Event 


10-yr, 24-hr 
10-yr, l-hr 
100-yr, l-hr 


TABLE 1 


Peak Flow Determinations 
_For Diversion Ditches 


Rainfall Peak Flow, cfs 
Amount Diversion Diversion 
Inches Ditch A Ditch B 

2.30 111 25 

1.35 213 67 

2.02 465 147 
EN (G42 
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TABLE 2 


Watershed Characteristics 


Physical 
Features 


Area (acres) 


Length of 
Longest Watercourse (miles) 


Basin Elevations (ft): 
High 
Low 
Total Relief 
Time of Concentration (min.) 


Hydrologic Soil Group, 
§.C.S. Classification 


Vegetation Types 


Ground Cover Density (%) 
SCS Curve Number 


Precipitation Events (inches) 
l0-yr, 24-hr 
l0-yr, 1-hr 
100-yr, l-hr 


Watershed A Watershed B 
600 . 100 
2.41 0.76 
6792 6602 
6500 6500 
292 102 
48 19 
D D 
Pinon/Ponderosa, Pinon/Ponderosa, 
w/Scrub Oak/ w/Scrub Oak/ 
Juniper Juniper 
70 70 
85 85 
2.30 2.30 
1.35 1.35 
2.02 2.02 
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TABLE 3 


Normal Depth of Flow and Diversion Ditch Flow 
Velocities Without Erosion Protection, n=0.022 


Diversion Precipitation Peak Depth Of Velocity Critical 

Ditch Event Flow Flow Of Flow Depth 
(cfs) _(ft) (ft/sec) (ft) 

A l0-yr, 24-hr 111 ‘ta 8.4 1.42 
10-yr, 1l-hr 213 1.6 9.9 2610 

100-yr, 1l-hr 465 fat 12.5 3625 

B l0-yr, 24-hr 25 0.8 4.7 0.82 
10-yr, 1-hr 67 1.4 6.3 1.45 

100-yr, 1-hr 147 ae | 7.8 exes 
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TABLE 4 


Normal Depth of Flow and Diversion Ditch Flow 
Velocities With Erosion Protection, n=0.040 


Diversion Precipitation Peak Depth Of Velocity Critical 
Ditch Event Flow Flow Of Flow Depth 
(cfs) (ft) (ft/sec) (f¢)} 
A 1l0-yr, 24-hr Lit 1.6 5.4 1.42 
l0-yr, l-hr 213 Baw 6.5 2410 
100-yr, l-hr 465 3.4 8.4 S625 
B l0-yr, 24-hr 25 Lek Suk 0.82 
l0-yr, l-hr ~ 67 1.9 4.1 1.45 
100-yr, 1l-hr 147 2.8 5.0 Bats 
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A. Drainage Average Depth Local-Storm PMP. Steps correspond to those in 
table 6.34. 


6.3 Steps for Computing Local-Storm PMP 


Use steps of section 6.3B if areal distribution within drainage is required. 


Step 


1. Locate drainage on , aoe 4.5 and read a aa average PMP value 
for 1 hour 1 mi2 (2.6 km2 ) in inches (mm). 


2. If the lowest elevation within the drainage is above 5,000 feet 
(1,524 m), decrease the PMP value from step 1 by 5% for each 1,000 feet 
(305 m) or proportionate fraction thereof above 5,000 feet G 524 m). This 
gives elevation adjusted drainage average l-hr toni? (2% 6-kn2 ) PMP. 


3. Use figure 4.7 to find the 6/l-hr ratio for the drainage location. 


4, Enter table 4.4 with the ratio from step 3 to obtain percentage dur- 
ational variation. , 


5. Multiply each of the percentages of step 4 by the l-hr PMP from step 2 
to obtain PMP for 1/4 hr to 6 hours. 


6. Enter the abscissa 6f figure 4.9 with the size of the drainage to 
obtain phe areal reduction for each duration in terms of percent of l-mi 


2 


7. Multiply the areal reduction percentages from step 6 by the PMP values 
from step 5 to obtain areally reduced PMP. 


8. Determine the incremental PMP values by successive subtraction of 
values in step 7. 


9, Arrange the hourly incremental values from step 8 in one of the time 
sequences shown in table 4.7. Use table 4.8 for sequence of 4 highest 
15-minute increments. 


Table 6.4A is an example of local-storm PMP computation for Sycamore 
Creek, Arizona. 


B. Areal Distribution of Local-Storm PMP Within Drainage. The following 
steps are recommended for computing local-storm PMP and its areal 
distribution. 


t 


Step 


1. Overlay a tracing of the drainage outline (adjusted to 1:500,000 scale) 
on figure 4.10. Rotate the outline to obtain the maximum rain volume in the 
drainage. (For particular problems, other placements may be hydrologically 
more critical.) 
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2. Note the isohyets that lie within the drainage. wl 6) / 


3. Locate drainage on figure 4.5 and read interpolated PMP value for 1 “a” 
(2.6 km2) in inches (mm). 


4. If the lowest elevation within the drainage is above 5,000 feet 
(1,524 m) decrease the PMP value from step 3 by 5% for each 1,000 feet 
(305 m) or proportionate fraction thereof above 5,000 feet (1,524 m). 


5. Use figure 4.7 to find the 6/l-hr ratio for the drainage. 


6. Enter table 4.5 with 6/l=-hr ratio of step 5 to obtain isohyetal 
labels for the 4 highest 15-min PMP increments in percent of l-hr, l-mi2 


(2.6—km2) PMP. 


7. Enter table 4.6 with 6/l-hr ratio of step 5 to obtain isohyetal labels 
for the 2nd highest to 6th highest (the lowest) l=-hr incremental PMP values 
in percent of 1-hr, 1-mi2 (2.6-km2) PMP. 


8. Multiply the isohyetal percentages for each PMP increment from step 
6 (for highest l-hr PMP and 15-min incremental PMP) and step 7 (2nd to 6th 
highest l-hr PMP) by the l-hr, l=-mi2 (2.6-km2) PMP value from step 4. The 
results are incremental PMP isohyetal labels in inches (mm). 


9. Arrange the hourly incremental values in one of the time sequences of 
table 4.7. Use table 4.8 for the sequence of 4 highest 15-min increments. 


Note: An average depth equal to the value of the-last isohyet (J) may be 
used for any portion of the drainage not covered by the isohyetal pattern. 


Table 6.4B is an example of computation of local=-storm PMP and its areal 
distribution for Sycamore Creek, Arizona. 
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Figure ¢.&--Local-storm PMP for 1 mi? (2.6 kn”) l hr. Drectly 
appltecable for locations between sea level and 5000 ft (1524 m). 
Elevatton adjustment must be applied for locations above 5000 ft. 


events. In contrast to figure 4.4, figure 4.5 maintains a maximum between 
these two locations. There is no known meteorological basis for a different 
solution. The analysis suggests that in the northern portion of the region 
maximum PMP occurs between the Sierra Nevada on the west and the Wasatch 
range on the east. » 


mek 


f 

A discrete maximum (> 10 inches, 254 mm) occurs at the north end of the 
Sacramento Valley in northern California because the northward-flowing moist 
air is increasingly channeled and forced upslope. Support for this PMP cen- . 
ter comes from the Newton, Kennett, and Red Bluff storms (fig. 4.1). Although 
the analysis in this region appears to be an extension of the broad maximum 
through the center of the Southwestern Region, it does not indicate the 
direction of moist inflow. The pattern has evolved primarily as a result of 
attempts to tie plotted maxima into a reasonable picture while considering 
inflow directions, terrain effects, and moisture potential. 
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Figure 4.7.--Analysts of 6/1-hr rattos of averaged maximum statton 
data (plotted at midpotnts of a 2° lattitude-longitude grid). 


establish the basic depth-duration curve, then structure a variable set of 
depth-duration curves to cover the range of 6/l-hr ratios that are needed. 


Three sets of data were considered for obtaining a base relation (see 
table 4.3 for depth-duration data): 


a. An average of depth-duration relations from each of 17 greatest 3-hr 
rains from summer storms (1940-49) in Utah (U. S. Weather Bureau 1951b) and 
in unpublished tabulations for Nevada and Arizona (1940-63). The 3-hr 
amounts ranged from 1 to 3 inches (25 to 76 mm) in these events. 


b. An average depth-duration relation from 14 of the most extreme short- 
duration storms listed in Storm Rainfall (U. S. Army, Corps of Engineers 
1945- ). These storms come from Eastern and Central States and have 3-hr 
amounts of 5 to 22 inches (127 to 559 mm). 
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ratios than storms with high 3/l-hr ratios. The geographical distribution 
of 15-min to l=-hr ratios also were inversely correlated with magnitudes of 
the 6/l-hr ratios of figure 4.7. For example, Los Angeles and San Diego 
(high 6/l-hr ratios) have low 15-min to l-hr ratios (approximately 0.60) 
whereas the 15-min to l-hr ratios in Arizona and Utah (low 6/l-hr ratios) 
were generally higher (approximately 0.75). 


Depth-duration relations for durations less than 1 hour were then smoothed 
to provide a family of curves consistent with the relations determined for l 
to 6 hours, as shown in figure 4.3. Adjustment was necessary to some of the 
curves to provide smoother relations through the common point at 1 hour. 


We believe we were justified in reducing the number of the curves shown in 
figure 4.3 for durations less than 1 hour, letting one curve apply to a 
range of 6/l-hr ratios. The corresponding curves have been indicated by 
letter designators, A-D, on figure 4.3. As an example, for any 6-hr amount 
between 115% and 135% of l-hr, 1-mi2 (2.6-km2) PMP, the associated values 
for durations less than 1 hour are obtained from the curve designated as "B". 


Table 4.4 lists durational variations in percent of 1l-hr PMP for selected 
6/l-hr rain ratios. These values were interpolated from figure 4.3. 


To determine 6-hr PMP for a basin, use figure 4.3 (or table 4.4) and the 
geographical distribution of 6/l-hr ratios given in figure 4.7. 


Table 4.4.--Durational variation of l-mi2 (2.6-km?) local-storm PMP 
in percent of l-hr PMP (see figure 4.3) 


6/1-hr Duration (hr) 

ratio 1/4 1/2 3/4 1 2 3 4 5 6 
1.1 86 93 97 100 107 109 110 110 110 
Le2 74 89 95 100 110 115 118 119 120 
1.3 74 89 95 100 114 121 125 128 130 
1G 63 83 93 100 118 126 132 137 140 
1.5 63 83 93 100 121 132 140 145 150 
1.6 43 70 87 100 124 138 147 154 160 
1.8 43 70 87 100 130 149 161 171 180 
2.0 43 70 87 100 137 161 175 188 200 


4.5 Depth-Area Relation 


We have thus far developed local-storm PMP’ for an area of l mi2 (2.6 km2). 
To apply PMP to a basin, we need to determine how 1-mi2 (2.6-km2) PMP should 
decrease with increasing area. We have adopted depth-area relations based 
on rainfalls in the Southwest and from consideration of a model thunderstorm. 
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storm period. The sequence of hourly incremental PMP for the Southwest 6-hr 
thunderstorm in accord with this study is presented in column 2 of table 
4.7. A small variation from this sequence is given in Engineering Manual 
1110-2-1411 (U. S. Army, Corps of Engineers 1965). The latter, listed in 
column 3 of table 4.7, places greater incremental amounts somewhat more 
toward the end of the 6-hr storm period. In application, the choice of 
either of these distributions is left to the user since one may prove to 

be more critical in a specific case than the other. 


Table 4.7.--Time sequence for hourly incremental PMP in 6-hr storm 


HMR No. 5? EM1110-2-14117 
Increment Sequence Position 

Largest hourly amount Third . Fourth , 
2nd largest Fourth Third 

3rd largest Second Fifth 

4th largest Fifth Second 

5th largest ’ First Last 

least Last First 

1. S. Weather Bureau 1947. EN (55 


2u. S. Corps of Engineers 1952. 


CE93-054 RM 
P.4219S "327 


IO o£ 16 


Also of importance is the sequence of the four 15-min incremental PMP 
values. We recommend a time distribution, table 4.8, giving the greatest 
intensity in the first 15-min interval (U.S. Weather Bureau 1947). This 
is based on data from a broad geographical region. Additional support for 
this time distribution is found in the reports of specific storms by Keppell 
(1963) and Osborn and Renard (1969). 


Table 4.8.—-Time sequence for 15-min incremental PMP within l hr. 


Increment Sequence Position 
Largest 15-min amount First 
2nd largest Second 
3rd largest Third 
least Last 


4.8 Seasonal Distribution 


The time of the year when local-storm PMP is most likely is of interest. 
Guidance was obtained from analysis of the distribution of maximum l-hr 
thunderstorm events through the warm season at the recording stations in 
Utah, Arizona, and in southern California (south of 37°N and east of the 
Sierra Nevada ridgeline). The period of record used was for 1940-72 with an 
average record length for the stations considered of 27 years. The month 
with the one greatest thunderstorm rainfall for the period of record at each 
station was noted. The totals of these events for each month, by States, 
are shown in table 4.9. 


Table 4.9.--Seasonal distribution of thunderstorm rainfalls. 


(The maximum event at each of 108 stations, period of record 1940-72.) 


Month 
M°UCOUJ J A s . (0) No. of Cases 
Utah 1 5 9 14 5 34 
Arizona 4 16 19 4 : 43 . 
S. Calif.* 14 10 7 31 
No. of cases/mo. 1 23 35 40 9 0 


*South of 37°N and east of Sierra Nevada ridgeline. 
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1. Estimate the volume of runoff 
*a. T= ca (years): return period for design 
*b. P= i, S (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = G8 : runoff curve number 
d. Q= O.10 (inches): runoff volume obtained from Eq. 7 or Fig. 5 Sto AE 
2. Drainage Area: A = 1.5 (Square miles) 
3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= a.¢ 3 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
e. t_ = Oe \ 3S (hours) = +L _ HL 
co 3 e. to = 3600V (hours) 
4. Estimate unit peak discharge (a3) = 20S (cfs/mi2/in) : use Fig. 9 
5. Estimate peak discharge qd, * a AQ = 41.43 (cfs) - 
2 
eS 


* 
indicates required input 
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TABLE 3. COMPUTATION SHEET; TR-SS GRAPH METHOD 
(Nove AS AMe TL) 


1. Estimate the volume of runoff 


*a. T= 19 (years): return period for design 
*b. P= tS (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = GS : runoff curve number 
d. Q= 0.30 (inches): runoff volume obtained from Eq. 7 or Fig. 5 16.80 AF 
2. Drainage Area: A = 1.05 (Square miles) 
3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. Ls 2.45 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
‘ 5 
e. t_ = QoS (hours) = +L _ —HL 
Gare eae 3 e. t. = 3600V (hours) 
4. Estimate unit peak discharge (a1) = 395 (cfs/mi2/in): use Fig. 9 
5. Estimate peak discharge 4, = 45 AQ = 124,43 (cfs) xe 
indicates required input a 
CA 


TABLE 3. COMPUTATION SHEET; TR-SS GRAPH METHOD 


(NoDeE A® Ame TD) 
1. Estimate the volume of runoff 
*a. T= 25 (years): return period for design 
*b. P= u,G (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 68 : runoff curve number 
d. Q= 0.45 (inches): runoff volume obtained from Eq. 7 or Fig. 5 25.0 AL 
2. Drainage Area: A = 1.05 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


) LAG METHOD VELOCITY METHOD 
~ *a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= 0.45 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
et. =_ 0.15 (hours) = a e. ty. = on (hours) 
4. Estimate unit peak discharge (a3) = 39S (cfs/mi2/in) : use Fig. 9 = 
5. Estimate peak discharge ty * a AQ = 186.64 (cfs) a 
a) 
“indicates required input oe 
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TABLE 3. COMPUTATION SHEET: TR-5S GRAPH METHOD 


(NODE AB AMAL) 
1. Estimate the volume of runoff 
*a. T= SO (years): return period for design 
*b. P= ZB (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = G8 : runoff curve number 
d/Q= gs __Cimches): runoff volume obtained from Eq. 7 or Fig-5 = @8.00 Al 
2. Drainage Area: A = L.c> (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


wD LAG METHOD VELOCITY METHOD 
i= 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= 2.45 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
as 5 
F = AS ==> HL 
ot * 2 oes) sb e. te = E50 (hours) 
4. Estimate unit peak discharge (a1) = 395 (cfs/mi/in): use Fig. 9 
5. Estimate peak discharge % = % AQ = t~o7. 38 (cfs) - 
Po 
“indicates required input 2 
en 
of 
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TABLE 3. COMPUTATION SHEET: TR-SS GRAPH METHOD 
(NoDe ARB AMe! 


1. Estimate the volume of runoff 


*a. T= Keke) (years): return period for design 

*b. P= 3.0 (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = Ge : runoff curve number 

d. Q= O.6G (inches): runoff volume obtained from Eq. 7 or Fig.5 33.00 Ay 


2. Drainage Area: A = Jct (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= G45 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
ws 5 
- t= OS h = +L HL 
ls als 3 e. te = E50 (hours) 
4. Estimate unit peak discharge (a1) = 29S (cfs/mi2/in): use Fig. 9 
5. Estimate peak discharge % = % AQ = 748.85 (cfs) at 
2 
-— “ 
indicates required input pe 


TABLE 3. COMPUTATION SHEET; TR-SS GRAPH METHOD 


47.69 


(Nope AE ths 
1. Estimate the volume of runoff 
*a. T= 500 (years): return period for design 
*b. P= 3.4 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = CB : runoff curve number 
d. Q= a.85 (inches): runoff volume obtained from Eq. 7 or Fig.5_ 
2. Drainage Area: A = exc (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


.) LAG METHOD VELOCITY METHOD 
im 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = 
*c. hydraulic.length = (ft) *c. hydraulic length (HL) = 
d. Le= yo (hours): from Fig. 7 d. velocity (V) = 
re 5 
e. t. = aS (hours) = +L _ —HL 
c SS 3 €. t. = sé00v 
4. Estimate unit peak discharge (a1) = 395 (cfs/mi2/in) : use Fig. 9 
5. Estimate peak discharge I = % AQ = a5 2.55 (cfs) 


* 
indicates required input 


PONTO I AEE FS AE OT ST REE RAEI A IE EE BR AC RNR AE. NSE STEER EET SET LI TREE TT IN I ETT NG ARSE PARE AN ES seese oe ” 


(%) 


(fps): from Fig. 8 


(hours) 


(ft) 


NA 


690 


Ar 


(2™) Vaay Bownivach 
yi a oe a _ Ot i) => + 


vy) i pom 
“MY, WAi> aS 72 
a WA t ‘Say Os: = ZL. ; 


EN ¢O'70 


<+ 


‘ 
0 
Y 
A 
0 
. 4 
Uv) 
G 
iN 
> 
(\ 
: 
‘ 


A 


MALE INU S 


359-120G 


LOGARITHMIC 
KEUFFEL & ESSEK CO 


Pes 


3X S3BCYCLES 


_ 10 


ne 
v 


ODD 2h 8 cs ges [O, 000 ay 3 IN| 
=o oo felt 
SS oe Be terse eae Senedak peers emer eee nee mee ee, 
a 
=e ean sees 


—t 


Soe ae oe en a a 
SS a ee 
a es ee j---}_/_+—-L~ -+— aa a a 


——— 
yer oe aca fa 
Saeaaans 

SS Sees Sea 


Feces tence lute AL (yes. 


(C.S.M.) 


PISCHAIZGL 


Teaw 


- 


Unie 


z 
| 


tore 


J 
is 


— 
oO 
Me 
a 


0? 
x 


4 
| ee a as 
e ° 


CS RET ne RD: MRNA eae ee eee RE ORORS eines 


Oo 


S 


Canyen 


“KEGIONAL -FLuoetd COMPARISONS 


,o 


EN OO" 


WMA PAPER 


\S 


Soo - ear 
SCS Awc IL 
Se OS 


& es « Ge Re 
Sg= a2 2 ® 
weeds 
‘9 “3,503 4 
i223 ~———> 
es SSS 
soee soi + 
a Se 
a ae 
A ee, ae 
ese ,egce a 
= site eae 
ae ee * 
am 
Fe 
rs £ aA 


e ve 


_* Osseevenp 


a9 Us 


Deanace Acer (mi) 


{ 
| 
| 
| 


3g. 0 ~ YEARL SCS 


i 
| 
{ 
' 
| 
{ 
| 
| 
| 
| 


tz 


TABLE 3. COMPUTATION SHEET; TR-SS GRAPH METHOD 


{(NoPte Ab pal L) 
1. Estimate the volume of runoff 
ta. T= Prar (years): return period for design 
*b. P= 10-9] (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 62 : runoff curve number 
d. Q= C..85 (inches): runoff volume obtained from Eq. 7 or Fig. 5 BY 3.6) __ AF 
2. Drainage Area: A = 1.05 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= g.ts (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
et. = 6.15 (hours) = 31 pte aneas 
4. Estimate unit peak discharge (a1) = 35 = (cfs/mi*/in): use Fig. 9 a 
5S. Estimate peak discharge q, * ay AQ = z2Stl.o¢ (cfs) - 
Just UpsTetam sa 
Feow Mint PLUS <% o7& & GE = Px: 


* 5 
indicates required input (Nope o) 


TABLE 3. (COMPUTATION SHEET; TR-SS GRAPH METHOD 
(Nope 4 AMC ce 


1. Estimate the volume of runoff 


“a, T* 10 (years): return period for design 

*b. P= a.3 (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = 6B : runoff curve number 

d. Q= O.30 (inches): runoff volume obtained from Eq. 7 or Fig.5 —°S:°O A 
2. Drainage Area: A = Z.39 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


fe LAG METHOD VELOCITY METHOD 
= 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. Le= O.G@e (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
- a = 
e. t, = _l. 14 (hours) 3 L e. ty = a (hours) 
4. Estimate unit peak discharge (43) = % FO (cfs/mi2/in): use Fig. 9 
5. Estimate peak discharge 4% = % AQ = Zo9 .!lO (cfs) a 
“indicates required input 3 
a 
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TABLE 3. COMPUTATION SHEET; TR-SS GRAPH METHOD 


1. Estimate the volume of runoff 


‘a. T= Zs (years): return period for design 

*b. P= 2.6 & (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = o& : runoff curve number 

d. Q= 0.45 (inches): runoff volume obtained from Eq. 7 or Fig.5 55.20 ,y, 
2. Drainage Area: A = 2.386 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= 3.68 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
-t l= . | h = +L HL 
e. t, Lit (hours) = 3 e. te = ay (hours) 
4. Estimate unit peak discharge (a1) = Z9O9 (cfs/mi2/in): use Fig. 9 
5. Estimate peak discharge % = % AQ = 300.15 (cfs) = 
z 


* 
indicates required input 


SAG) 


TABLE 3. (COMPUTATION SHEET: TR-5S GRAPH METHOD 


(NODE | AAC L 
1. Estimate the volume of runoff 
*a. T= $9 (years): return period for design 
*b. P= Ci & (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = c& : runoff curve number 
d. Q= O.50 (inches): runoff volume obtained from Eq. 7 or Fig. 5 6133 Ar 
2. Drainage Area: A = 0.230 (Square miles) 
3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
_ LAG METHOD VELOCITY METHOD 
7” *a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. Ls 0. 68 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
et. = 14 (hours) = 2 L oe i rhiaienieh 
4. Estimate unit peak discharge (a1) = cg (cfs/mi*/in): use Fig. 9 = 
5. Estimate peak discharge % = % AQ = B33-50 (cfs) 
a 


* 
indicates required input 


172 


TABLE 3. COMPUTATION SHEET; TR-SS GRAPH METHOD 


( Nove i Sha Ey 
1. Estimate the volume of runoff 
*a. T= 100 (years): return period for design 
*b. P= 3.9 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = C8 : runoff curve number 
d. Q= 0.60 (inches): runoff volume obtained from Eq. 7 or Fig.5 = 13.60 AF 
2. Drainage Area: A = L.390 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic: length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= o.68 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
.t.= lt h 225 HL 
hehe Ee @. t. = ga (hours) 
4. Estimate unit peak discharge (a1) = UO (cfs/mi*/in): use Fig. 9 
5. Estimate peak discharge q, = qf AQ = {OU.LO (cfs) xu 
2 
“indicates required input at 
® 


ura 


TABLE 3. COMPUTATION SHEET; TR-5S GRAPH METHOD 


WOPe | AM 
1. Estimate the volume of runoff 
*a. T= Sa0 (years): return period for design 
*b. P= 3.4 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = ce : runoff curve number 
d. Q= 0-85 (inches): runoff volume obtained from Eq. 7 or Fig. 5 (94,21. AY 
2. Drainage Area: A = £.30 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
VELOCITY METHOD 


LAG METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= o.68 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
o t, * ).14 (hours) = 21 e. ty = — (hours) 
4. Estimate unit peak discharge (a1) = 2979 (cfs/mi2/in): use Fig. 9 on 
5S. Estimate peak discharge I = % AQ = S66,95 (cfs) < 
= 
“indicates required input Ps 


TABLE 3. (COMPUTATION SHEET; TR-5S GRAPH METHOD 


(None ) AMec T) 
1. Estimate the volume of runoff 
*a. T= PMP (years): return period for design 
*b. P= 10.91 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 63 : runoff curve number 
d.Q= 6.85 (inches): runoff volume obtained from Eq. 7 or Fig. 5 40 21 
2. Drainage Area: A = Lars! (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


nw LAG METHOD VELOCITY METHOD 
= 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= o.6% (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
e. t. = -1¢ hours) = = L HL 
c Ss | urs) 3 e. t = %600v (hours) 
4. Estimate unit peak discharge (a1) = Z90 (cfs/mi2/in) : use Fig. 9 2 
5S. Estimate peak discharge Ip = % AQ = 4568.95 (cfs) 
@ 
S 


* 
indicates required input 


one 


2 


TABLE 3. (COMPUTATION SHEET: TR-SS GRAPH METHOD 
(wopE \) AMC IU) 


1. Estimate the volume of runoff 


ta. T= Re (years): return period for design 
*b. P= |.s (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 9> : runoff curve number 
d. Q= OSs (inches): runoff volume obtained from Eq. 7 or Fig.5__@ 1-4! AY 
2. Drainage Area: A = %. 30 (Square miles) 
3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= OA-6% (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
e. t_ = |. 1¢ (hours) = +L _ HL 
c 3 e. ty = 3600V (hours) 
4. Estimate unit peak discharge (a1) = ZIG (cfs/mi2/in): use Fig. 9 
5. Estimate peak discharge % = % AQ = BCC. 35 (cfs) ~ 
x. 


‘, 
4 
4 


* 
indicates required input 


Ts 


td 


TABLE 3. (COMPUTATION SHEET; TR-5S GRAPH METHOD 


(Nore | AMC Zr) 
1. Estimate the volume of runoff 
*a. T= 16 (years): return period for design 
*b. P= v- 3 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = i : runoff curve number 
d. Q= feed (inches): runoff volume obtained from Eq. 7 or Fig. 5 oe ie AF 
2. Drainage Area: A= 2-30 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= g.¢8 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
eS = 2 
e. t. = 114% (hours) = 3 L e. t= a (hours) 
4. Estimate unit peak discharge (a3) = ZIO (cfs/mi*/in): use Fig. 9 
5S. Estimate peak discharge W = % AQ = 190 @1-%O (cfs) om 
< 
indicates required input a 


td 


TABLE 3. COMPUTATION SHEET: TR-55 GRAPH METHOD 
(NOBS ) Ame TT) 


1. Estimate the volume of runoff 


*a. T= 2= (years): return period for design 


(inches): 24-hr, T-year precipitation volume (i.e., depth) 


*b. P= zu. 

*c.CN = 39> : runoff curve number 

d. Q= 1.85 (inches): runoff volume obtained from Eq. 7 or Fig. 5 €oG.93. ar 
2. Drainage Area: A = C-3cC (Square miles) 


Estimate Time-of-Concentration (use either the lag method or the velocity method) 
VELOCITY METHOD 


LAG METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L = eo. eo (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
ete = _li4 (hours) = 2 L — um wien 
4. Estimate unit peak discharge (a1) = 290 (cfs/mi2/in) : use Fig. 9 
5. Estimate peak discharge Ip = a AQ = 6 oe Pe Be (cfs) - 
= 
“indicates required input oe 
@ 


tz 


TABLE 3. (COMPUTATION SHEET: TR-5S GRAPH METHOD 


(NooG | pmc.ut) 
1. Estimate the volume of runoff 
*a. T= So (years): return period for design 
*b. P= cU-B (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 93 : runoff curve number 
d. Q= ZO (inches): runoff volume obtained from Eq. 7 or Fig.5 ee a 
2. Drainage Area: A = ti 25 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= O-.68 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
e me 
e. t. = le LS (hours) = 3 L e. ty = — Chana) 
4. Estimate unit peak discharge (a1) = L9C (cfs/mi“/in): use Fig. 9 


5. Estimate peak discharge q._ = % AQ = I334.09 (cfs) 


NA 


P 


* 
indicates required input 


ESOO 


2 


TABLE 3. COMPUTATION SHEET; TR-55 GRAPH METHOD 


(NoDS | Ame WW) 
1. Estimate the volume of runoff 
*a. T= OO (years): return period for design 
tb. P= 3.070 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 93 : runoff curve number 
d. Q= ete (inches): runoff volume obtained from Eq. 7 or Fig.5 ets ar 
2. Drainage Area: A = ae BM (Square miles) 
3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= 0.68 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
i ae race 5 ee ee eee P 
e. t. = 1.14 (hours) = >L _ HL 
Cc —_— 3 e. t. = zé00v (hours) 
4. Estimate unit peak discharge (a1) = ZIO (cfs/mi*/in) : use Fig. 9 se 
5. Estimate peak discharge q_ = q’ AQ = 1} S34. 10 (cfs) 
P P — 
D 
on 


* 
indicates required input 


me METRE HIN TN ee: evirdon 


12 


TABLE 3. COMPUTATION SHEET: TR-5S GRAPH METHOD 
(NOPE \ Ame -at) 


. Estimate the volume of runoff 


*a. T= Soa (years): return period for design 
tb. P= 3.4 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 393 : runoff curve number 
d. Q= z.10 (inches): runoff volume obtained from Eq. 7 or Fig.5 S33!1-%™9 AF 
2. Drainage Area: A = 30 (Square miles) 


Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 


*a. land use 
*b. slope = (%) 


*c. hydraulic length (HL) = (ft) 
(fps): from Fig. 8 


*a. CN = 
*b. Slope = (%) 
*c. hydraulic length = (ft) 


d. Le= a. 68 (hours): from Fig. 7 d. velocity (V) = 
5 
e. t. = js 2¢ hours) = +L HL 
¢ se | ) 3 e. t. = z600v __s(hourrs) 
ZIG (cfs/mi2/in): use Fig. 9 


4. Estimate unit peak discharge (a3) = 


5. Estimate peak discharge t..* a AQ = 1800.90 (cfs) 


Na 


* 
indicates required input 


980i) 


SoS RMT 


he 


TABLE 3. COMPUTATION SHEET: TR-SS GRAPH METHOD 
(Nooe | amc am) 


1. Estimate the volume of runoff 


*a. T= PMP (years): return period for design 

*b. P= jo.91 (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = 3 : runoff curve number 

d. Q= fa 1% (inches): runoff volume obtained from Eq. 7 or Fig.5 i%4/-39 Al” 
2. Drainage Area: A = 4-30 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= 0.6% (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
" 2 
e. t. = l.1¢ (hours) = 3 L e. t. = zy hours) 
4. Estimate unit peak discharge (a1) = 299 (cfs/mi*/in): use Fig. 9 
5. Estimate peak discharge Qp = ay AQ = ql Sa. 4 (cfs) uy 


* 
indicates required input 


ASD 


te 


TABLE 3. COMPUTATION SHEET; TR-5S GRAPH METHOD 
(Nope 2 ARMS TT) 


1. Estimate the volume of runoff 


*a. T= es (years): return period for design 

*b. P= FES (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = phe : runoff curve number 

d. Q= a.e5 (inches): runoff volume obtained from Eq. 7 or Fig.5 —§ !6%-96 Al 
2. Drainage Area: A = 3.3! (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
2 as 
we hue (hours) 3 E e. t. = oy (hours) 
4. Estimate unit peak discharge (a3) = 2Le> (cfs/mi2/in): use Fig. 9 oe 
5. Estimate peak discharge q, * a AQ = 425 (cfs) = 
= 
oo ) ; ; a4 
indicates required input @ 


12 


TABLE 3. COMPUTATION SHEET: TR-5S GRAPH METHOD 


(Nene 4 amet 
1. Estimate the volume of runoff 
*a. T= a (years): return period for design 
*b. P= Looe (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 6.8 : runoff curve number 
d. Q= 0.10 (inches): runoff volume obtained from Eq. 7 or Fig.5 i2.21 a JAF 
2. Drainage Area: A = 2.30 (Square miles) 


LAG METHOD 
*a. CN = 
*b. Slope = (%) 
*c. hydraulic length = (ft) 


d. L= 9.68 (hours): from Fig. 
= mee 
e. t. = td, (hours) = 3 L 


4. Estimate unit peak discharge (a1) = 
5. Estimate peak discharge % = % AQ = 


* 
indicates required input 


- velocity (V) = 


. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


VELOCITY METHOD 


- land use 
. slope = (%) 
. hydraulic length (HL) = (ft) 


(fps): from Fig. 8 


HL 
t. = 3600v (hours) 


(cfs/mi2/in) : use Fig. 9 
(cfs) 


NY 


PAGO 


TABLE 3. COMPUTATION SHEET; TR-5S GRAPH METHOD 


(ope ~ Amen) 
1. Estimate the volume of runoff 
a Oo 1G (years): return period for design 
*b. P= 2.3 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = oS : runoff curve number 
d. Q= |.2 (inches): runoff volume obtained from Eq. 7 or Fig.5 299-5 5 Ar 
2. Drainage Area: A = 325 | (Square miles) 
3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
ny LAG METHOD VELOCITY METHOD 
£ 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= lee (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
e. t. = 1167 (hours) = =L _ HL 
Co 3 e. t, = 3600V (hours) 
4. Estimate unit peak discharge (a1) = LLo (cfs/mi2/in) : use Fig. 9 
5. Estimate peak discharge 1° a AQ = VERS (cfs) s 
indicates required input o 
to 


eta enieneaeinehediaineneseataennn 


TABLE 3. COMPUTATION SHEET; TR-55 GRAPH METHOD 
(NODE % AME mr) 


1. Estimate the volume of runoff 


*a. T= ZS (years): return period for design 
*b. P= LS (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = pe! : runoff curve number 
d. Q= 18S (inches): runoff volume obtained from Eq. 7 or Fig.5 346.3% AF 
2. Drainage Area: A= 3-51 (Square miles) 
3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
) LAG METHOD VELOCITY METHOD 
iy 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
e. t_ = \,67) (hours) = +L _ _HL 
5 eee 3 e. t, = 3600V (hours) 
4. Estimate unit peak discharge (a1) = ZL (cfs/mi2/in) : use Fig. 9 
5. Estimate peak discharge I = % AQ = 142% (cfs) ea 
z. 
*. “ss 
indicates required input = 
igo) 
© 
Sem gece amt PORE A ENE ot ate: OK CIELO LL LICL LLC ACE NOL: SA CECI TOOT ES 5 RANT SR Cy te 


OEE, te eee Se 


1. Estimate the volume of runoff 
*a. T= Sa (years): return period for design 
*b. P= =. (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = we : runoff curve number 
d. Q= 2.00 (inches): runoff volume obtained from Eq. 7 or Fig.5 314.4 AE 
2. Drainage Area: A = B.S! (Square miles) 
3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
wD LAG METHOD VELOCITY METHOD 
i md 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
e. t. = \»Gy (hours) = +L _ HL 
Cc —_—_— 3 e- t. = zE00v (hours) 
4. Estimate unit peak discharge (a1) = 220 (cfs/mi2/in) : use Fig. 9 
5. Estimate peak discharge % = % AQ = 1s4¢ (cfs) ie 
“indicates required input = 


TABLE 3. COMPUTATION SHEET; TR-SS GRAPH METHOD 
(Nooe wv AmM-~ Iz) 


seh 


z 


TABLE 3. COMPUTATION SHEET: TR-SS GRAPH METHOD 
(NODE a AM. — TT ) 


1. Estimate the volume of runoff 


*a. T= Kors) (years): return period for design 

*b. P= 3.92 (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = 93 : runoff curve number 

d. Q= 2.30 (inches): runoff volume obtained from Eq. 7 or Fig.5 430.56  \F 
2. Drainage Area: A = SSil (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
_ at 
e. t. = LG") (hours) 3 L e. t. = — (hours) 
4. Estimate unit peak discharge (a3) = UZO (cfs/mi*/in): use Fig. 9 
5S. Estimate peak discharge q, * ay AQ = V1V1G6 (cfs) — 
=z. 
Wie, 5 
indicates required input ie 
Sc 
ce 


TABLE 3. COMPUTATION SHEET: TR-55 GRAPH METHOD 


QWoIee < AMe amr) 

1. Estimate the volume of runoff 

ta. T= PM? (years): return period for design 

*b. P= }O.97 (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = 93 : runoff curve number 

d. Q= ic .12 (inches): runoff volume obtained from ‘Ey. 7 or Fig. 5 1894-46 AY 

ee eg ee eee Q:(P- 2.2 SVK? +85) 5 Mees Swern ee 

2. Drainage Area: A = 3-3) (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


) LAG METHOD VELOCITY METHOD 
ad *a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. Ls (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
e. t_ = \, lo] (hours) = =L _ —HL 
eek Sees 3 e. te = x55 (hours) 
4. Estimate unit peak discharge (a1) = L2tO (cfs/mi2/in) : use Fig. 9 2 
5. Estimate peak discharge 1, * a AQ = TEAS (cfs) 


Peo 


* 
indicates required input 


EERO pe eI I ET AT LL LIN AS Ie TE aE TT TT I TET ae 
# 


2 


TABLE 3. COMPUTATION SHEET: TR-SS GRAPH METHOD 


(Nowe “ATA ii’) 
1. Estimate the volume of runoff 
*a. T= = (years): return period for design 
*b. P= 1.5 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 93 : runoff curve number 
d. Q= 0.55 (inches): runoff volume obtained from Eq. 7 or Fig.5 G¢¢5.31 A 
2. Drainage Area: A = Zt.19 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= 1.05 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
. 5 
° = ra S = = HL 
e. ty 2-715 (hours) 3 L e. to = Goes 
4. Estimate unit peak discharge (q/) = IS (cfs/mi*/in): use Fig. 9 a 
5. Estimate peak discharge q = a AQ = IS13 (cfs) Zz 
co 
D> 


* 
indicates required input 


TABLE 3. COMPUTATION SHEET; TR-5S GRAPH METHOD 
(NODE 3 AMC TD) 


1. Estimate the volume of runoff 


*a. T= 10 (years): return period for design 

*b. P= ‘co (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = 393 : runoff curve number 

d. Q= Bx are: (inches): runoff volume obtained from Eq. 7 or Fig. 5 931.07 AF 
2. Drainage Area: A = Ut. 19 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


th LAG METHOD VELOCITY METHOD 
i= 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= 1.GS (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
e. t. = C21 (hours) = +L _ HL 
Co 3 e. t. 3600V (hours) 
4. Estimate unit peak discharge (a1) = ISO (cfs/mi/in) : use Fig. 9 si 
5. Estimate peak discharge a * % AQ = 5448.99 (cfs) aa 
So 
_. 2 
indicates required input = 


RRR REI oR Ret RRC) AEE ANE NI EOL TE CE EET LTT IE EC TELL LET NOTES SAREE IOI ~* 
it 
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TABLE 3. COMPUTATION SHEET; TR-5S GRAPH METHOD 


(2 pGE 3S AMmMc IT) 


1. Estimate the volume of runoff 


*a. T= “2S (years): return period for design 

*b. P= Z-¢ (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = 33 : runoff curve number 

d. Q= 1-85 (inches): runoff volume obtained from Eq. 7 or Fig.5 %% 3 :! 
2. Drainage Area: A = ERs VO (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 

*a. CN = *a. land use 

*b. Slope = (%) *b. slope = 

*c. hydraulic length = (ft) *c. hydraulic length (HL) = 

d. L= 1-GS (hours): from Fig. 7 d. velocity (V) = 

rape 5 
e. t_ = 2 TS (hours) = +L _ HL 
Se ee ? ° fe = 3600v— 

4. Estimate unit peak discharge (a3) = ee (cfs/mi2/in) : use Fig. 9 
5. Estimate peak discharge qd, * ay AQ = Ce79.2S {ets 
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TABLE 3. COMPUTATION SHEET: TR-SS GRAPH METHOD 
(Nove 3S AMc or) 


1. Estimate the volume of runoff 


*a. T= SO (years): return period for design 

*b. P= xans (inches): 24-hr, T-year precipitation volume (i.e., depth) 

*c.CN = pes : runoff curve number 

d. Q= z.cO (inches): runoff volume obtained from Eq. 7 or Fig.5 Z242!-33 AT 
2. Drainage Area: A = Ce. 10 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= \-G5 (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
et -« #,S ae HL 
et, = <I> (hours) 3 L et, = gia (hours) 
4. Estimate unit peak discharge (a1) = 1 o< (cfs/mi2/in) : use Fig. 9 Se 
5. Estimate peak discharge q, = qf AQ = 6819.00 (cfs) : 
s 
Fe) 
a) 


* 
indicates required input 
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TABLE 3. 


COMPUTATION SHEET: TR-SS GRAPH METHOD 


( NOP& 3s AMc I) 


1. Estimate the volume of runoff 


*a. T= exe) (years): return period for design 


(inches): 24-hr, T-year precipitation volume (i.e., depth) 


*b. P= 3.00 

*c.CN = 93 : runoff curve number 

d. Q= ZO (inches): runoff volume obtained from Eq. 
2. Drainage Area: A = RG. 1g (Square miles) 


Estimate Time-of-Concentration (use either the lag method or the velocity method) 


. * 
~~ LAG METHOD VELOCITY METHOD 
= *a. CN = *a. land use 
*b. Slope = (%) *b. slope = 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = 
d. L= I-GS (hours): from Fig. 7 d. velocity (V) = 
im 5 
e. t_ = Z- IS (hours) = +L _ HL 
Cc . 3 e. te = 3e00v 
4. Estimate unit peak discharge (ay) = lines (cfs/mi*/in): use Fig. 9 
5. Estimate peak discharge qd = % AQ = 1831.50 (cfs) 
“indicates required input 


* 
a AER fe ete 


7 or Fig. 5 


(%) 


tists; Ar 


(ft) 
(fps): from Fig. 8 


(hours) 


te 


TABLE 3. COMPUTATION SHEET: TR-5S GRAPH METHOD 
(Nope 3B AMC 


1. Estimate the volume of runoff 
*a. T= 59a (years): return period for design 
(inches): 24-hr, T-year precipitation volume (i.e., depth) 


*b. P= B-4 

*c.CN = 39> : runoff curve number 

d. Q= zoe (inches): runoff volume obtained from Eq. 7 or Fig.5 3266.82 Ar 
2. Drainage Area: A= Ce. 1A (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 
VELOCITY METHOD 


LAG METHOD 
*a. CN = *a. land use 
*b. Slope= (8) *b. slope=  ————“‘CC‘é(%”=#S 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = s(t’) 
co i. oS (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
eto=_ 215 (hours) = 2 L e. ty = why (hours) 


S (cfs/mi2/in): use Fig. 9 


4. Estimate unit peak discharge (a1) = (3 = 
5. Estimate peak discharge q, = a AQ = 9193.5 (cfs) >a 
i] 

Sera ps 
indicates required input = 


es 
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TABLE 3. COMPUTATION SHEET: TR-SS GRAPH METHOD 


(NOP -. powwow) 
1. Estimate the volume of runoff 
*a. T= PMP (years): return period for design 
*b, P= (5.97 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = 93 : runoff curve number 
d. Q= 16.1% (inches): runoff volume obtained from Eq. 7 or Fig.5 VRS ar 
2. Drainage Area: A= a Se (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


LAG METHOD VELOCITY METHOD 

*a. CN = *a. land use 

*b. Slope = (%) *b. slope = (%) 

*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 

d. Le= ee (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 

i 5 
e. t. = 2. 1S (hours) = +L _ HL 
G Sete 3 e. t. = E900 (hours) 

4. Estimate unit peak discharge (a1) = isa (cfs/mi7/in): use Fig. 9 
5. Estimate peak discharge W * % AQ = SH+458.60 (cfs) se 
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TABLE 3. COMPUTATION SHEET: TR-5S GRAPH METHOD 


rt 


\Monpe < iA] 
1. Estimate the volume of runoff 
*a. T= Sow (years): return period for design 
*b. P= 34 (inches): 24-hr, T-year precipitation volume (i.e., depth) 
*c.CN = a3 : runoff curve number 
d. Q= Ze 128 (inches): runoff volume obtained from Eq. 7 or Fig.5 5°5-4¢ A {> 
2. Drainage Area: A = B.S (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity method) 


ng LAG METHOD VELOCITY METHOD 
oo 
*a. CN = *a. land use 
*b. Slope = (%) *b. slope = (%) 
*c. hydraulic length = (ft) *c. hydraulic length (HL) = (ft) 
d. L= (hours): from Fig. 7 d. velocity (V) = (fps): from Fig. 8 
5 
e. t. = \+ G7) (hours) = = L _ HL 
c 3 e. t, = 3600v (hours) 
4. Estimate unit peak discharge (a1) = Ze (cfs/mi7/in): use Fig. 9 
5. Estimate peak discharge 4, * a AQ = OBS (cfs) =~ 
“indicates required input 5 
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Table 1. Average monthly precipitation at Grand Canyon area locations. 


Elevation (ft) JAN 
South Rim! 6785 1.49 
Desert View 7400 1.16 
Phantom Raneke” 2570 0.85 
North Ria “8400. 4.43 
fit. ‘Temmball” 5600 0.78 
Lees Vener” 3210 0.43 
dupai” 3205 . 0.65 
Pierce Ferry” 3860 0.90 
Tuweep! 4775 £23 
1 Period of Record 1951-1980 
2 Period of Record 1960-1982 
3 Period of Record 
4 Period of Record 1956-1982 
5 Period of Record 1963-1982 
Notes: 
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1948-1977, station now closed 


Station title of north rim is Bright Angel RS. 
Station title at south rim is Grand Canyon NP 2. 


There are many gaps in the record 
Complete title for Pierce Ferry 
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INSTITUTE OF ATMOSPHERIC PHYSICS, UNIVERSITY OF ARIZONA, 
AND THE U. S. DEPARTMENT OF COMMERCE, WEATHER BUREAU, 
CLIMATOGRAPHY OF THE UNITED STATES NO. 20-2 


LATITUDE 95°: 15" 


LONGITUDE: 1129 11" CLIMATOLOGICAL SUMMARY STATION. = WILLIAMS 
ELEV (GROUND): 6750 feet 
STATION NO. 02-9359-2 


MEANS AND EXTREMES FOR PERIOO 1898 - 1957 


Precipitation Totals (inches) Estimated 
meon 


relative 

humidity 

(percent) 
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67.2175.0 1949 


(a) Average length of record, years. = Ako on earlier dates, months, or yeors. 
T Troce, an amount too small to measure. * Less than one half. 
** Base 65 F. 


wag - 1960 


Williams is located in a beautiful valley in pine forest country in north-central Arizona at an altitude 
of about 6700 feet. To the south of the town at a distance of about four airline miles, the peak of Bill 
Williams Mountain rises to an elevation of 9264 feet. Sitgreaves Mountain about twelve miles to the north- 
east is also over 9000 feet high, while Kendrick Mountain, 22 miles away in the same direction, rises to 
about 10500 feet. The San Francisco Peaks, about thirty miles to the east-northeast, contain the highest 
elevations in the state (Mt. Humphreys, 12611 feet). To the north is rolling country leading to the 
Coconino Plateau and the Grand Canyon, at a distance of about sixty miles. 


CLIMATE OF WELLLAMB, ARIZONA 


Williams receives an average of slightly more than twenty inches of precipitation each year, most of it 
falling in either the summer or winter. Summer precipitation comes mainly from thundershowers which form 
as warm, soist tropical air from the Gulf of Mexico moves over Arizona from a southeasterly direction. 
fail occasionally accompanies these storms, but it occurs rather infrequently. The Pacific Ocean is the 
moisture source for winter precipitation, as storms from the Pacific move into Arizona from southern 
California; the major part of this precipitation falls as snow. Although the normal year receives a little 
less than seventy inches of snow, in 1949 a total of 146.4 inches were reported. The least received during 
any year of record is about 24 inches. 


Because of the altitude of Williams, winter temperatures are relatively low. About one year out of 
three a temperature as low as ten degrees below zero is recorded. Summer temperatures are well within the 
comfort zone most of the time and air-conditioning is not required. Roughly one year out of two has a 
temperature as high as 95 degrees at some time during the summer, 


Temperatures below freezing normally can be expected in all months except July and August. Hence the 
average growing season is rather short, lasting only from the first week in June until the last week in 
September, and even during this period freezing temperatures are not unknown, 
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CLIMATOLOGICAL SUMMARY 


ALLUTAMS LATITUDE: 35" 15° 
nc ANS FOR PERTOO 1941 = 1979 EXTOEMES FOR PE-__. 1931 - 1972 LONGITUDE: 112° 11° 
3359 ELEY. (FT) 6750 


. Estimated Mean number [ Meannunterat das | [ Meannunterat das | 
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(percent) 
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APR 59.8 33.1 46.5 82 1949" 8 1933 564 1.38 2.90 1946 7.0 36.7 1965 54 yA % 0 + 16 0 apo 
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JUN 78.6 48.2 63.4 100 61970 22 1932 103 0.51 2.50 1955 T Tr 1955% 43 27 2 t 0 + @ JIN 
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oct 65.5 38.6 S21 65 1934 6 1949* 381 1.26 20.19 1972 1.0 Bo4 1949 55 4 3 0 i] s 0 ocT 
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JUN JAN OEC Jan 
YEAR 62-8 36.5 49.7 100 1970 -25 1337 $773 21.21 2.97 1951 75.8 75.0 1949 55 4S 56 4 10 14e 2 YRaé 


1931-1977 


Williams is located in a beautiful valley in pine forest country in north-central Arizona at an altitude of about 6700 feet. 
To the south of the town at a distance of about four airline miles, the peak of Bill Williams Mountain rises to an elevation of 
9264 feet. Sitgreaves Mountain about twelve miles to the northeast is also over 9000 feet high, while Kendrick Mountain, 22 
miles away in the same direction, rises to about 10500 feet. The San Francisco Peaks about thirty miles to the east-northeast, 
contain the highest elevations in the state (Mt. Humphreys, 12611 feet). To the north is rolling country leading to the Coco- 
nino Plateau and the Grand Canyon, at a distance of about sixty miles. 


CLIMATE OF WILLIAMS, ARIZONA 


Williams receives an average of slightly more than twenty-one inches of precipitation each year, most of which falls in either 
the summer or winter. Summer precipitation comes mainly from thundershowers which form as warm, moist tropical air from the Gulf 
of Mexico moves over Arizona from a southeasterly direction. Hail occasionally accompanies these storms, but it occurs rather in- 
frequently. The Pacific Ocean is the moisture source for winter precipitation, as storms from the Pacific move into Arizona from 
southern California; the major part of this precipitation falls as snow. Although the normal year receives little less than 


aed inches of snow, in 1949 a total of 146.4 inches were reported. The least received during any year of record is about 24 
nches. 


Because of the altitude of Williams, winter temperatures are relatively low. About one year out of three a temperature as 
low as ten degrees below zero is recorded. Summer temperatures are well within the comfort zone most of the time and air-condi- 
tioning is not required. Roughly one year out of two has a temperature as high as 95 degrees at some time during the summer. 
Only once, on June 26, 1970, has the temperature reached 100 degrees. 


Temperatures below freezing normally can be expected in all months except July and August. Hence the average growing season 
is rather short, lasting only from the first week in June until the last week in September, and even during this period freezing 
temperatures are not unknown. 
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1950 31.8 39.5 62.5 52.6 54.5 65.9 67.9 68.0 60.4 59.6 47.5 42.6 52.7 1950 
1951 33.2 35.3 38.3 46.3 S5.A €2.6 71.7 66.2 64.4 51.6 40.5 32.3 43.9 1951 
1952 32.0 32.6 Biot 4bel 57.2 63.8 67.5 6761 63.4 57.7 34.7 32.7 GAA 1952 
1953 38.5 33.4 40.2 45.5 49.0 64.3 68.5 65.4 63.7 51.7 44.8 32.9 49.9 1953 
19546 3601 bLt.2 37.3 51.8 57.5 63.2 69.9 65.9 62.4% 54.6 45.9 35/8 51.8 1954 
1955 27.7 25.2 40.0 64.5 52.4 61.2 66.0 65.8 62.6 55.7 41.6 TAA GALT 1955 
1956 38.4% 30.1 42.7 4Se1 56.5 ATA 67.2 65.1 66.6 S124 39.9 35.2 S51. 19546 
1957 32.2 41.5 4065 bael 49.0 64.8 64.0 65.9 62.8 48.5 Boel 39el 42.4 1957 
1956 34.98 38.2 33.2 44.2 54.4 65.5 69.8 67.4 50.3 52.7 41.4 42.2 59.7 1954 
1959 37.0 32.4 61.5 50.8 53.7 66. 71.7 64,9 60.7 53.7 42.5 Jbww 51.0 1959 
1960 28.5 29.8 43.8 46.6 54.5 67.9 70.3 48.6 63.5 49.3 42.6 32.6 59,9 1960 
1961 37.0 36.8 39.5 48.0 54.2 67.1 70.8 65.7 586.0 50.8 37.8 33.2 49,9 1961 
1962 32.1 34.8 33.7 51.9 $2.5 62.0 67.9 69.6 62.5 52.8 45.4 37.9 59.3 1962 
1963 31.2 41.5 38.4 bel 57.9 60.9 Tle 64.8 62.5 54.8 42.56 36.4 59.5 1963 
1964 30.8 30.2 33.5 63.3 53.6 €2.0 70.0 65.1 59.7 56.7 37.9 34.9 GBo1 1964 
1965 36.9 33. 366 42.7 50.8 57.4 66.2 66.5 56.8 55.4 43.1 3408 4B. 1965 
1966 30.0 2961 41.8 49% 57.0 63.5 64.5 67.4 60.9 51.8 43.0 4.0 49.7 1966 
1967 34.9 36.8 43.3 41.5 51.6 54.8 67.6 66.0 60.4 53.8 44.2 27.9 46.9 1967 
1968 3t.4 36.6 39.4 43.4 53.7 63.7 66.0% 62.1% 60.8 57.6 40.2 32.9 43.8 1964 
1969 37.4% 32.3 34.6 47.2 56.3 41.5 68.3 65.8 62.0 47.5 41.0 37eL 49.§ 1969 
1970 34.3 39.8 37.2 42.8 55.0 62.4 68.5 66.8 57.7 47. 47.5 33.7 48.8 1979 
1971 33.9 35.72% Gte7 4526 4928 64.2 71.5 65.0 60.6 be. ht 40.7 26.9 48.5 1971 
1972 35.0 37.4 45.4 46.9 $3.8 61.4 6961 66.1 $9.7 47.3 35.0 30.4 49.0 197? 


EN G15 


TOTAL PRECIPITATION (INCHES) FOR WILLIAMS 


YEAR JAN FEB MAR APOIL MAY JUNE JULY AUG SFPT ost NOV nee ANNUAL YEAR 
1931 0.30 3.18 0.25 2.09 0.50 0.57 2.56 4.29 2.65 0.83 2.26 2.97 22.43 1934 
1932 1.26 7.75 0.90 0.95 0.88 0.25 2.85 2.65 0.76 1.05 0.90 2.64 22.0C 1932 
1933 3.48 0.32 0.06 1.07 0.72 0.17 5.48 6.53 1.58 1.77 2.22 1.20 24.60 1933 
1934 0.58 1.86 0.42 2.37 2.96 0.10 0.31 3264 1.00 0.090 1.07 1.71 16.02 1934 
1935 4o22 1.66 2.55 1.90 0.62 T 3.98 2.20 1.40 0.50 0.61 Q.7t 20.75 1935 
1936 0.27 3.37 2.51 0.57 y 0.18 4.59 6.20 1.62 2.01 ".546 6.16 2n.02 1936 
1937 2.7% 3.63 3.85 0.186 0.23 0.91 2.20 4.19 2.08 0.00 0.21 2.72 22.46 1937 
1938 1.35 e012 5.03 Oo.4k U624 1.346 2.27 1.99 0.70 0.13 0.65 2078 20.70 1988 
1939 1.26 1.60 1.63 0.91 T T 0.61 2.65 7.99 T 1.12 0.53 14.32 1939 
1960 1.31 2.91 0.59 2.65 0.28 1.63 9.38 4e%e 3.40 3.34 1.26 4.81 27.48 1940 
1961 1.70 2.32 3.58 3.76 0.546 0.67 Lobe 3.13 3.67 4.02 0.88 2.15 27.86 19461 
19462 0.71 2.65 0.66 2.01 0.00 0.00 T 2017 0.90 0.72 0.48 2.38 12.65 1942 
1943 3.73 1.78" 2.41 1.55 0.20 0.00 1.69 4.22 1.90 1.32 0.00 2.91 21.71 1943 
19446 1.66 wel3 2.34 1.90 0.96 0.90 1.09 0.60 1.31 0.22 1.90 1.57 17.68 19466 
19465 1.614 2021 5.30 0.7% 0.00 0.00 2.93 1.81 0.12 1.17 0.13 2.67 17.49 1965 
1966 1.28 0.75 0.82 3.06 0.73 0.00 6.57 7.06 1.46 2.26 1.22 3.12 26.21 1966 
1967 0.46 0.16 0.70 0.07 1.43 0.10 1.08 4.89 3.17 19467 
1946 T 2019 1.56 0.26 1 0.49 0.82 4e 45 1.21 1.60 0.00 3.36 15.9% 1968 
1949 6.08 1.36 1.34 0.48 1.09 1.81 2.79 20h 2.77 3.89 0.99 2.33 27.79 1949 
1950 0.86 1.93 6.93 0.40 0.37 0.13 4.77 2.08 2.26 0.00 0.55 0.15 14.63 1959 
1951 1.42 1.54 0.47 2.03 0.50 0.00 1.75 6.1" 0.64% 1.64 1.15 5.98 23.30 1951 
1952 3.09 0.39 5.23 2.92 0.03 0.21 2.77 5.13 3.49 0.00 2.85 1.62 27.93 1952 
1953 0.63 0.3% 1.03 1.66 0.23 0.08 5.73 44d 0.06 0.16 “1.60 0.37 16.09 1953 
19546 2.27 0.89 4246 0.15 1.08 0.74 3.01 2.91 2.96 0.15 0.36 1.06 20.02 1956 
1955 2.89 1.96 0.34 0.96 0.66 2061 $.$2 4.02 0.17 O.16 1.64 0.78 21.98 1955 
1956 2.23 0.92 0.02 1.00 0.00 1.63 2.77 2.17 0.03 0.79 0.07 0.65 12.78 1956 
1957 6.27 1.31 1.15 0.72 2.75 1.37 2.91 3.09 0.00 3036 G51 AeAL 2, 1€ 1957 
1958 0.44 2.72 4.26 2.22 0.83 0.36 0.88 6.65 5.8t Lees 1.16 0.05 26.62 1358 
1959 0.36 4202 T 0.46 1.04 0.56 2.51 2.56 O.AL 0.99 0.82 4.93 19.46 1959 
1960 1.66 1.69 0.91 1.59 1.00 0.23 3.40 2.37 2.67 5.26 1.28 1.06 23.09 1960 
1961 _ 1.25 C.20 2.68 0.66 1.29 0.31 0.92 5.64 2.2? 0.62 1.40 2.10 19.99 1961 
1962 2.33 5.03 1.71 0.09 1.13 0.51 1.59 0.64 2.546 0.95 0.97 1.05 18.54 1962 
1963 1.00 1.35 1.12 1.61 T 9.03 1.10 6.87 2.52 Lett 1.49 0.46 20.59 196% 
1964 1.25 0.05 2.71 2.33 0.74 0.50 2.87 4.03 2.68 0.00 0.84E 2.62 20.62 1964 
1965 2.02 1.67 3.18 5.55 1.84 0.34 4e2e 1.46 451 1.11 6.44 7.57 39.93 1945 
1966 0.76 1.42 0.65 0.32 Tt 0.30 4.15 2.55 8.76 a.37 2.64 5.75 19.49 1944 
1967 0.87 T 0.93 1.10 1.05 1.10 4.33 1.99 2.29 9.07 0.82 5.63 19.98 1947 
1968 1.15 0.32 0.74 1.16 0.23 0.64 4.86 3.4 T 1.92 0.70 1.70 16.99 1368 
1969 4.18 2.37 2.85 0.10 0.9% 0.24 2.64 4.23 1.45 1.27 2.92 0.49 21.95 1969 
1970 0.53 0.36 6.01 0.72 Tt 0.32 434 4.65 0.93 1.06 1.49 1.64 21.02 1970 
1971 0.18 1.39 0.26 1.40 ° T 1.95 7.1? 1.81 3.39 0.35 4.04 21.96 1971 
1972 0.90 3.07 0.00 1.45 2.12 1.52 1.12 1.62 19.51 1.72 3.40 23,49 1972 
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INSTITUTE OF ATMOSPHERIC PHYSICS, UNIVERSITY OF ARIZONA, 
AND THE U. S. DEPARTMENT OF COMMERCE, WEATHER BUREAU, = 
CLIMATOGRAPHY OF THE UNITED STATES NO. 20-2 IOS 19 60 


LATITUDE: 36° 03' 
LONGITUDE: 112° 07! CLIMATOLOGICAL SUMMARY STATION: GRAND CANYON 


NATLONAL PARK 
ELEV. (GROUND): 6965 feec STATIONNO: 02-3591-2 


MEANS AND EXTREMES FOR PERIOD 1904 - 1957 
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(a) Average length of record, years. # Also on earlier dates, months, or yeors. 
T Trace, an amount too small to measure. * Less than one half. 
** Base 65 F 


CLIMATE OF THE GRAND CANYON NATIONAL PARK, ARIzOMa = IOS ~ | 96D 


The Grand Canyon National Park is located in northern Arizona abouc 55 miles north of Williams. Formed 
by che erosive action of the waters of the swift flowing Colorado River, it contains some of che most 
spectacular scenery to be found in the world. At many points along its 200 mile lengch the canyon reaches 
a depth of more than one mile and a width of more than ten miles. The Colorado River, following an irregular 
westward course through the Park at an average elevation of about 2500 feet, is barely discernable from the 
canyon rim 5000 feet above. The Grand Canyon separates the broad, flat Coconino Plateau to the south from 
the unspoiled wilderness of the Kaibab Plateau to the north. Both plateaus are forested, the Kaibab contain- 
ing one of the mosc magnificent and homogeneous stands of ponderosa pine in the United States. In general, 
the north rim of che Grand Canyon is about 1500 feer higher than the south rim, with elevations of more than 
9000 feet being reached near the center of the Kaibab Plateau, 20 miles north of the Colorado River. While 
verdant forests and meadows bound the Grand Canyon to the north and south, and to a lesser extent to the wesc, 
the country to the easc, in the valley of the Little Colorado River, consists of little more chan barren 
desert wastelands. But even here a hint of grandeur is added by the colorful Painted Desert. 


The Grand Canyon has many climates, depending mainly on the elevation. Average annual precipitation 
varies from more than 25 inches along the forested north rim (8400 feet) to less than 10 inches on the desert- 
like canyon floor (2500 feet). Intermediate amounts of about 16 inches per year are recorded along the 
souch rim (6900 feet). While the north rim normally receives quite a bit more precipitation in winter than 
in summer, the south rim and the canyon floor obtain about equal amounts during the two seasons. The spring 
and fall are relatively dry at all three locations. The summer precipitation usually falls from thunder- 
storms that form over the strongly heated canyon walls almost every afternoon from early July until the end 
of, August. Although these storms are capable of producing locally heavy downpours, they rarely lase longer 
than 30 minutes and usually cease completely shortly after sunset. In some years one or two days of almost 
continuous precipitation may occur during che summer when a weak tropical disturbance moves northward from 
the Pacific Ocean. 


Winter precipitation at the Grand Canyon is not as consistent as that of summer, varying greatly from 
one year co the next in both amount and frequency of occurrence. It is associated with middle latitude storms 
moving eastward from the Pacific Ocean and normally falls in gentle to moderate showers which may persist for 


' (continued on the last page) 
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| Temperature (°F) 
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YEAR 


240 


BSi - 1972 


30 30 30 2 42 20 30 ot 29 #0 29 22 22 «23 «22 «AD 

A r 30.5 5 1965 -16 1949 1049 1.35 1.15 1969 14.8 60.8 1949 53 52 5 0 5S 29 1 JAN 
ts.2 be 53.63 $7 1963 -14 1933 888 1.28 1.78 1960 12.5 33.0 1965 $7 52. «§ © 2 26 1 FEB 
$0.3 26.9 3746 73. 1943 = 3 1958 850 1.47 3.98 1970 12.6 43.5 1952 57 45 6 o 1 27 6 maR 
60.2 Jee 45.4 80 1443 9 1363 586 1.00 1.10 196% Sel 46.8 1965 $3 29. @ + tf 0 APR 
70.4 38.9 She? 89 1951 13 1965 325 0.54 1.0% 1965 1.8 19.0 1957 46 24 2 0 0 6 0 MA~Y 
80.1 46.6 63.3 98 1933 28 1963* 101 0.48 2.22 1955 T T 1969 4&7 22 2 3 0 14 0 JUN 
B47 54.0 6966 97 1953* 31 1971 6 1.50 1.62 1950 t T 1949 65 4396 6 oo Oo 6 yuL 
81.5 5208 6762 96 1938 30 1968 24 2041 2.21 1951 T tT 1953 76 45 8 2 9 + © AUG 
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64.9 3762 Stel 62 1966 3 1971 423 1.07 1.82 1951 0.6 12.5 1971 $2. 39 * © * A 0 OCT 
Sis2 2702 «3942 78 1970 = 1 1958 770 0.82 1.26 1965 eG 2262 1934 48 4 3 @ 4 23 + NOV 
63.3 2460 ©3202 67 1970 -13 1941 1018 1.59 he@QRRM (912.7 31.0 1967 52 53 S$ 8 & 29 8 OF 

JUN JAN MAR JAN 
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The Grand Canyon National Park is located in northern Arizona about 55 miles north of Williams. Formed by the erosive action 
of the waters of the swift flowing Colorado River, it contains some of the most spectacular scenery to be found in the world. 
At many points along its 200 mile length the canyon reaches a depth of more than one mile and a width of more than ten miles. 
The Colorado River, following an irregular westward course through the Park at an average elevation of about 2500 feet, is barely 
discernable from the canyon rim 5000 feet above. The Grand Canyon separates the broad, flat Coconino Plateau to the south from 
the unspoiled wilderness of the Kaibab Plateau to the north. Both plateaus are forested, the Kaibab containing one of the most 
magnificent and homogeneous stands of ponderosa pine in the United States. In general, the north rim of the Grand Canyon is about 
1500 feet higher than the south rim, with elevations of more than 9000 feet being reached near the center of the Kaibab Plateau, 
20 miles north of the Colorado River. While verdant forests and meadows bound the Grand Canyon to the north and south, and to 
a lesser extent to the west, the country to the east, in the valley of the Little Colorado River, consists of little more than 
barren desert wastelands. But even here a hint of grandeur is added by the colorful Painted Desert. 


CLIMATE OF THE GRAND CANYON NATIONAL PARK, ARIZONA 


The Grand Canyon has many climates, depending mainly on the elevation. Average annual precipitation varies from more than 
25 inches along the forested north rim (8400 feet) to less than 10 inches on the desert-like canyon floor (2500 feet). 
Intermediate amounts of about 14 inches per year are recorded along the south rim (6900 feet). While the north rim normally 
receives quite a bit more precipitation in winter than in summer, the south rim and the canyon floor obtain about equal amounts 
during the two seasons. The spring and fall are relatively dry at all three locations. The summer precipitation usually falls 
from thunderstorms that form over the strongly heated canyon walls almost every afternoon from early July until the end of August. 
Although these storms are capable of producing locally heavy downpours, they rarely last longer than 30 minutes and usually cease 
completely shortly after sunset. In some years one or two days of almost continuous precipitation may occur during the summer 
when a weak tropical disturbance moves northward from the Pacific Ocean. 


Winter precipitation at the Grand Canyon is not as consistent as that of summer, varying greatly from one year to the next 
in both amount and frequency of occurrence. It is associated with middle latitude storms moving eastward from the Pacific Ocean 
and normally falls in gentle to moderate showers which may persist for several days. The most severe weather and abundant precipi- 
tation occur when these storms move directly into Arizona from the west after intensifying off the California coast. Practically 
all of the winter precipitation on the north and south rims of the Grand Canyon occurs as snow. An average annual accumulation 
of more than 125 inches on the Kaibab Plateau is sufficient to keep the road to the north rim blocked from early November until 
mid-May. Snowfall is rare on the canyon floor, averaging less than one inch per year. 


A strong temperature contrast is also present between the floor and rims of the canyon, as indicated by the following table. 
Temperatures are in degrees Fahrenheit. 


Bright Angel R. 8. Park Headquarters Phantom Ranch 
(north rim, 8400 ft.) (south rim, 6950 ft.) (canyon floor, 2570 ft.) 

January average 29 30 46 

July average 62 69 92 

annual average 44 49 69 

highest recorded 91 98 120 

lowest recorded -25 -16 -9 

frost-free period 101 days 148 days . 331 days 


The torrid climate of the canyon floor results partly because any air reaching it undergoes considerable heating in descendin 
from the rim and partly because the steep walls of the canyon act as an excellent heat trap. ‘j is 


The following table gives some information on the normal dates of first and last occurrences of certain critical minimum 
temperatures in the fall and spring, respectively, at the Grand Canyon National Park headquarters (elevation, 6950 feet). 


temperature normal date of first normal date of last 
(°P) occurrence in fall occurrence in spring 
32 Oct. 12 May 17 
28 : Oct. 23 Apr. 27 
24 Nov. 5 Apr. 17 
20 Nov. 15 Apr. 2 
16 Nov. 24 Mar. 16 
aj +r eRep 


YEAR 
1931 
1932 
1933 
1934 
1935 


1936 
1937 
1936 
1939 
1940 


1961 
1942 
19463 
1946 
19465 


1966 
1967 
1948 
1969 
1950 


1951 
1952 
1953 
19546 
1955 


1956 
1957 
1958 
1959 
1960 


1961 
1962 
1963 
1964 
1965 


1966 
1967 
1966 
1969 
1970 


1971 
1972 


AVERAGE MONTHLY TEMPERATURES (F) 


JAN 
31.2 
24.8 
28.6 
33.4 
Jies 


31.6 
16.9 
33.0 
30.8 
32.4 


30.6 
32.2 
33.46 
2961 
31.6 


30.0 
26.4 
33.2 
19.1 
28.9 


30.9 
26.1 
36.6 
33.1 
25.9 


3633 
30.5 
3161 
32.1 
25.5 


32.9 
30.9 
27.7 
26.1 
34.2 


27.48 
31.9 
Sit 
33.8 
30.6 


33.0 
32.5 


TOTAL PRECIPITATION (INCHES) FOR GRAND CANYON NATIONAL PARK 


JAN 
0.57 
1.32 
1.83 
0.20 
1.52 


G.16 
2.16 
1.39 
1.66 
2.60 


2.34 
0.19 
2.146 
0.85 
0.66 


1.33 
O.34 
0.70 
els 
1.26 


1.02 
2.39 
0.87 
1.05 
1.72 


1.63 
3.7% 
0.60 
0.29 
1.34 


0.76 
1.51 
0.62 
0.96 
1.62 


0.30 
1.05 
0.92 
was 
0.63 


FEB 
34.7 
33.2 
26.6 
36.0 
34.2 


30.4 
30.0 
31.5 
23.4 
33.2 


36.5 
29.6 
36.0 
31.2 
3528 


34.0 
36.0 
31.5 
23.5 
3501 


34.6 
31.0 
33.8 
39.7 
251 


30.0 
38.9 
364 
30.6 
2764 


35.9 
34.2 
38.6 
29.6 
32.8 


26.8 
36.6 
38.1 
30.2 
37.4 


33.0 
37.3 


FEB 
1.86 
4.00 
0.10 
1.18 
1.16 


2.72 
2.61 
2.90 
1.22 
2.86 


3.67 
1.39 
0.85 
2.27 
1.36 


0.39 
0.25 
1.17 
1.17 
2.09 


0.92 
O.71 
0.31 
3.69 
1.60 


0.53 
0.77 
1.97 
2.29 
2.73 


0.30 
2.26 
1.58 
0.07 
1.55 


1.85 
T 


0.50 


CS ad 
0.32 


MAR 
40.1 
33962 
42.3 
67.0 
35.6 


39.2 
36.6 
35.0 
40.3 
42e6 


39.2 
36.8 
62.2 
36.4 
35.4 


39.8 
41.6 
32.3 
37.4 
wO.1 


37.9 
31.3 
39.7 
36.6 
38.8 


bie 
40.6 
33.0 
39.0 
40.6 


37.9 
33.4 
37.6 
340 
35.8 


41.2 
42.2 
39.0 
32.7 
35.1 


3801 
45.3 


Mag 
0.39 
a.568 
0.10 
0.23 
2.02 


1.70 
2.56 
3.82 
1.30 
0.58 


2.75 
0.75 
1.52 
1.67 
2.56 


1.7% 
0.38 
1.26 
0.60 
1.49 


6.87 
2.64 
0.76 
3.09 
0.31 


0.16 
0.61 
3.28 

tT 
Q.41 


2.70 
0.95E 
0.74 
1.99€ 
1.91 


0.44 
0.40 
1.25 
0.88 
5.348 


APRIL 
49.6 
46.0 
44.6 
Sie 
45.7 


50.2 
45.3 
47.6 
50.4 
67.2 


60.0 
4604 
Sie 
42.4 
43.8 


49.6 
46.8 
48.6 
48.8 
50.1 


46.8 
46eL 
46.0 
521 
45.0 


45.8 
GSol 
42.7 
4Bbeb 
47.9 


45.7 
50.6 
42.7 
43.3 
41.9 


47.5 
42.0 
GLeb 
45o1 
394% 


bees 
46.58 


APRIL 
0.96 
0.15 
0.81 
1.30 
0.50 


0.18 
0.70 
0.12 
6.97 
2.25 


311 
0.64 
0.58 
147 
0. 46 


2.37 
0.33 
0.26 
0.06 

T 


0.86 
2.36 
0.91 

T 


0.38 


0.25 
0.92 
0.86 
1.64 
1.26 


0.63 

T 
1.09 
2.2% 
3.23 


0.69 
0. 4e 
1.88 
0.28 
0.43 


MAY 
56.9 
Sue 
50.8 
60.8 
51.0 


59.2 
59.3 
54.6 
5A.2 
58.5 


54.8 
54.0 
57.6 
53.1 
56.5 


$4.9 
56.3 
56.8 
53.4% 
53.5 


54.9 
S71 
50.0 
591 
54.68 


$7.2 
498 
57.1 
53.4 
55.0 


53.9 
$2.90 
56.9% 
S3o1 
50.0 


57.5 
52.7 


54.6 
53.7 


$0.5 
54.6 


MAY 
1.30 
1.41 
0.73 
1.15 
1.06 


0.20 
0.26 
1.27 
0.43 
4.26 


0.89 
0.01 
G.60 
0.66 
0.06 


0.37 
0.77 

. 
0.70 
0.35 


6.55 
0.00 
0.03 
0.44 
0.12 


0.32 
2.62 
1.30 
0.16 
0.08 


0.16 
8.52 
0.16 
0.71 
3.69 


0.38 
0.78 
0.10€ 
0.40 
9.09 


JUNE 
66.9 
65.3 
€9.2 
61.2 
68.2 


68.2 
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Southwestern Region 

517 Gold Avenue, S.W. 
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Re: Canyon Mine - Appeal of the Havasupai Tribe 


Dear Mr. Muniz: 


Enclosed is the Request for Stay, Notice of Appeal and Statement 
of Reasons filed in the above referenced Appeal by the Havasupai 
Tribe. 
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Michael C. Shiel 
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Havasupai Tribe 


APPEAL DOCUMENT 
CASE io 


eostinankin 4-9 SF 7_ 
xcczvin 4-WRI 


» Bo a. an 


EN 0677 
REQUEST FOR STAY 
NOTICE OF APPEAL AND STATEMENT OF REASONS 


Re: Canyon Mine - Appeal ) 
of the Havasupai Tribe ) 

) 

) 


This Request for Stay, Notice of Appeal and Statement of Reasons 
is submitted pursuant to 36 C.F.R. §211.18. The decision being 
appealed was made on August 28, 1987 by David F. Jolly, Deputy 
Regional Forester, Southwestern Region, (the "Decision"). The 
Decision affirms the decision of the Forest Supervisor dated September 
29, 1986 which approved a modified operating plan for Energy Fuels 
Nuclear's Canyon Mine. 

The Tribe requests that the Decision be reversed and the modified 
plan of operation for the Canyon Mine be disapproved. 

This Appeal is being made by and through the undersigned attor- 
neys on behalf of the Havasupai Tribe and its members (the "Tribe"). 
The Tribe is adversely affected by the Decision because the Decision 
permits activity which will prevent members of the Tribe from practi- 
cing their religion, maintaining their religious beliefs, and burdens 
the exercise of their religious faith. The Tribe is also adversely 
affected because its Reservation will be subjected to the risk of 
groundwater and surface water contamination. 

The Tribe requests Oral Argument on its Request for Stay and 


Notice of Appeal. 
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On Friday, August 28, 1987, the Southwestern Region, Forest 
Service, notified the undersigned by telephone that the Deputy 
Regional Forester had reached a decision and that a copy would be 
mailed by Federal Express mail that day. The undersigned did not 
receive a copy of the Decision until Friday, September 4, 1987, seven 
days after the date of the Decision. However, in the interim, since 
the Stay then in effect was due to expire September 7, 1987, on 
Wednesday, September 2, the undersigned wrote to the Office of the 
Chief and requested that the Stay be continued pending appeal. This 
was deemed necessary because 36 C.F.R. §211.18 (h) (3) (ii) requires a 
Request for Stay be accompanied by the Notice of Appeal. 

On September 8, 1987, the undersigned received a letter dated 
September 4, 1987, from F. Dale Robertson, Chief, stating that the 
Stay was continued "for a period of 30 days from the date of this 
letter". Two days later the undersigned received from the Chief a 
copy of a ao iain dated September 3, 1987, stating that the stay "will 
now remain in effect until 10 days after a decision is made on your 
anticipated Appeal." 

Finally, on September 17, 1987, a letter dated September 11, 1987 
was received from the Director of Minerals and Geology Management, 
Forest Service, which in turn enclosed a copy of the Chief's September ~ 
4 Decision extending this Stay currently in effect "for a period of 30 
days from the date of this letter.” 

REQUEST FOR STAY 

This Request for Stay is submitted pursuant to 36 C.F.R. 

$211.18. The Tribe requests that the Stay currently in effect under 


the above referenced September 4, 1987 letter from the Chief be 
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continued until 30 days following final decision of the Chief on the 
attached Notice of Appeal by the Tribe. The Stay currently in effect 
bars Energy Fuels Nuclear from sinking a mine shaft at the Canyon 
Mine. The additional time is requested pursuant to 36 C.F.R. 
§211.18(h) (4) (i) to provide sufficient time for the Tribe to receive 
the decision of the Chief, for the Secretary to exercise discretionary 
review and for the Tribe to take appropriate legal action to enjoin 
destruction of the sacred religious site. 

The Affidavit dated December 22, 1986, from several members of 
the Tribe, which is part of the Record and incorporated herein, is a 
very brief and simple explanation of the Havasupai religious beliefs 
and practices that will be destroyed by the sinking of the mine 
shaft. This is further evidenced by the Transcript of Oral Presenta- 
tion before D. F. Jolly, Deputy Regional Forester, conducted May 14, 
1987, significant excerpts of which are transcribed in the Notice of 
Appeal below and incorporated herein. Also incorporated herein is the 
Transcript of Oral Presentation before the Office of the Chief’ in Case 
No. 1874 on February 25, 1987. Irreparable harm will result to the 
Havasupai religious beliefs and practices by development of the mine. 

Rather than duplicate material, the Tribe incorporates the fol- 
lowing specific portions of the Notice of Appeal as necessary and 
direct support for its Request for Stay: 

Te Considerations With Respect to "Religion"; 

II. Approval of the Plan of Operations Violates the Tribe's 

First Amendment Rights; 
III. The American Indian Religious Freedom Act; and 


IV. The Grand Canyon Enlargement Act. 
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The denial of the Tribe's present Request for continuance of the 
Stay pending final decision on the Tribe's Appeal would have a direct, 
irreversible, and destructive impact on the Havasupai religious be- 
liefs and practices. 

Further, while the Forest Supervisor in his Responsive Statement 
on the Request for Administrative Review, February 18, 1987, stated: 
"If basic conflicts exist between these laws and First Amendment pro- 
visions such conflicts might more appropriately be addressed through 
our judicial or legislative systems, rather than the Administrative 
appeal process." Responsive Statement at 23, the Tribe may not resort 
to a judicial forum until it has exhausted all administrative 
remedies. Therefore, were the Stay to be denied at this point and the 
administrative appeal processed, the sinking of the mine shaft would 
be complete before resort could be had to judicial remedies. 

As a general rule, requests for stay should be granted unless 
such a stay would cause considerable harm to Forest Service Management 
activities or have a direct adverse effect on the rights of other 
parties. Appeals Handbook at Section 2.42 (a)(5). There is nothing 
in the record to indicate that continuance of the Stay pending an 
appeal would cause harm to Forest Service management activities. 
Further, a Stay would defer further economic expenditure by a party 
while ensuring that no harm would incur to Forest Service management 
activities. 

A Stay would have the impact of delaying retrieval of uranium in 
the area affected, but the record reflects that the Canyon Mine, not 
now in operation, is only one of many uranium mines being operated by 


Energy Fuels Nuclear and only one of the tens of thousands of mining 
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claims in the northern region of Arizona. Based on the Record herein, 
the costs of continuing.the current Stay, when viewed in light of the 
over all development of the project and all other factors in the 
record, are de minimis. 

There are no irreversible impacts to the uranium resource. How- 
ever, destruction of the Havasupai religious beliefs and practices 
would be irreversible if the Stay is not continued and the mine 
drilled. 

Finally, the Appeals Handbook suggests consideration of possible 
liability to the government for breach of contract. The Record does 
not reflect the involvement of any contract executed by the government 
which would be breached by continuance of the current Stay. 

The Tribe's request for continuance of the Stay is further sup- 
ported by the factors discussed on pages 10-14, inclusive, of the 
Tribe's December 22, 1986 Notice of Appeal and Statement of Reasons 
submitted to the Chief in Procedural Appeal Numbers 1874 and 1868. 

Denial of the Tribe's Request that the Stay be continued would 
absolutely prevent a meaningful appeal on the merits because the mine 
shaft would be drilled and there would be irreversible harm to the 
religious beliefs and practices of the Havasupai people. 

NOTICE OF APPEAL AND STATEMENT OF REASONS 

Zee Considerations With Respect to "Religion". 

The freedom to believe and hold a religious faith is guaranteed 
by the First Amendment of the United States Constitution, and has 
often been described as a fundamental, natural and absolute right. 


Curiously, though, and perhaps fortunately, the word “religion” is not 
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defined in the Constitution. Reynolds v. United States, 98 U.S. 145 
(1878). 

Until the onset of the twentieth century, it seems that religion 
was somewhat narrowly thought of as describing only theistic views of 
divinity and worship. Organizational or doctrinal tests were often 
applied. Religious exercise, as a result, was valid and protected 
only when perceived as "civilized". See Davis v. Beason, 133 U.S. 
333, 341-42 (1890). And it was the courts who made the decision 
regarding whether a given set of ideas was, in fact, a religion. 

More recently, however, religion and religious practices and 
faith have been recognized as @iverse and pluralistic. .There has 
been, as well, a broader application of the free exercise clause of 
the First Amendment to protect the exercise of religious beliefs, 
notwithstanding their diversity or lack of organized church struc- 
ture. One reason for this is that believers of a faith are no longer 
put in a position of proving the truth of their beliefs. In United 
States v. Ballard, 322 U.S. 78, 86 (1944), the United States Supreme 
Court held that "the truth or verity of respondant's religious doc- 
trines and beliefs" cannot be considered a prerequisite for protection 
under the First Amendment. 

Then, in Fowler v. Rhode Island, 345 U.S. 67, 69-70 (1950), the 
Supreme Court ruled that "it is no business of the courts to say what 
is a religious practice or activity for one group is not a religion 
under the protection of the First Amendment.” 

"Religion" cannot, therefore, be defined for First Amendment pur- 
poses to include only orthodox, structured religions “based on the 


belief and existence of God, [while excluding] those religions founded 
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on different beliefs." Torcaso v. Watkins, 367 U.S. 488, 495 

(1961). Religious claims are to be analyzed not under a majority's 
theory of what a religion can or should be, but in terms of the role 
religious beliefs hold for the specific individual. It has never been 
held necessary that other individuals, groups or organized churches 
hold or espouse the same or similar beliefs or follow identical prac- 
tices. There can be a ‘'church' with one member. See Exhibit "A", 
Letter dated August 21, 1987 from Most Rev. Thomas J. O'Brien, Bishop 
of Phoenix, and Rev. James F. O'Brien, S.J., Vicar for Indians. 

While the Constitutional provision prohibiting abridgement of 
religious freedom is broadly interpreted, assertion of the religious 
claim still must be sincere. The courts have never ruled that a 
religious belief or faith is not protected under the umbrella of the 
First Amendment because it has scant historical tradition, is not 
asserted or practiced with physical or objective relics, or fails to 
follow the fact finder's own notion of what a religion should be. 
Similarly, First Amendment protections do not rise and fall depending 
on whether a believer utilizes a visible "practice", liturgical 
service, or public ceremony. 

"Freedom of thought, which includes freedom 
of religious belief, is basic to a society of 
free men... . It embraces the right to 
maintain theories of life and. of death and of 
the hereafter which are rank heresy to ortho- 
dox faiths. Heresy trials are foreign to our 
Constitution. Men may believe what they 
Cannot prove. They may not be put to the 
proof of their religious doctrines or be- 
liefs. Religious experiences which are as 
‘real as life to some may be incomprehensible 
to others. Yet the fact that they may be be- 
yond the ken of mortals does not mean that 
they can be made suspect before the law." 


United States v. Ballard, 322 U.S. 78, 86 
(1944). 
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The judgment of sincerity and centrality of a belief to 
one's religion is essentially an inquiry into claimant's sincer- 
ity in stating that governmental action is in fact in conflict 
with a belief central to that individual's or group of indi- 


vidual's religion. 


II. Approval of the Plan of Operations Violates the Tribes 
First Amendment Rights. 


The Tribe has consistently maintained that development of 
the Canyon Mine would violate the right of the Tribe and its 
members to the free exercise of their religious beliefs guar- 
anteed under the First Amendment. Further, the Mine is located 
at a site considered sacred and religious to the Tribe and its 
development would burden Tribal beliefs by destroying the con- 
tinuum of life which is central and indispensable to the Hava- 
sunat faith. 

The First Amendment to the United States Constitution 
provides as follows: 

Congress shall make no law respecting an 
establishment of religion, or prohibiting 
the free exercise thereof... 

The laws of Congress permitting mining at the Canyon Mine 
site, as interpreted by the Forest Service in this instance, are 
prohibiting the free exercise of the Havasupai religion. The 
application of these laws to this situation is unconstitutional. 

The Federal Courts have established the following standard 
for applying the First Amendment to Indian religious beliefs: 

The proponent of the religious practice must 


show that the area at issue is indispensable 
and central to their religious practices and 
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beliefs, and that the proposed governmental 
actions would seriously interfere with or - 
impair those religious practices. Northwest 


Indian Cemetery Protective Association v. 
Peterson, 764 Fed. 2d 581 at 585, and 795 


Fed. 2d 688 at 692 (on rehearing) citing 
Wilson v. Block, 708 F.2d at 742-44; 
Sequoyah v. TVA, 620 F.2d 1159, 1164 (6th 
Cir.), Cert. Denied, 449 U.S. 953 (1980); 
Crow v. Gullet, 541 F.Supp. 785,792 (D.S.D. 
1982), Aff'd, 706 F.2d 856 (8th Cir.), Cert. 
Denied, 464 U.S. 977 (1983). 

The Havasupai have shown that the Canyon Mine site is a 
sacred area and that it is central and indispensable to their 
religion. This site is not only a location to perform cere- 
monies, but it is the specific location for a vital portion of 
the body of one Havasupai deity and a resting place of another 
Havasupai deity. The Affidavit from the four Havasupai and the 
transcript of the oral presentation before the Chief of the 
Forest Service and the Regional Forester explain the importance 
of this site in detail. 

The activities that have occurred at the Canyon Mine site 
in exploration and development and those that are continuing or 
will continue during mining are completely inconsistent with the 
Havasupai beliefs. It is clear from the testimony of the Hava- 
Ssupai that mining at this site seriously interferes with and 
impairs their religious practices and beliefs. The very process 
of having to disclose the importance of this site meets this 
test. 

The Record of Decision (ROD) of the Forest Supervisor, page 
8, found that development of the Mine would reduce the land area 


available for Indian religious practices of plant gathering and 


ceremonial activities. The ROD recognized that the Tribe had 
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testified that sacred camping and burial sites are present in 
the area north of Red Butte and at the mine site, but that the 
Tribe was reluctant, for religious reasons, to disclose the 
location of the sites. The Tribal members have since discussed 
the significance of the Canyon Mine Site in greater detail in 
the oral presentations before the Regional Forester and the 
Office of the Chief as is discussed in detail in this brief. 
Finally, the ROD acknowledged that for the Tribe to specifically 
locate religious sites within the immediate area of the mine 
site itself "would be sacrilege”. 

The February 1987 Responsive Statement of the Forest Super- 
visor, page 22, acknowledges that development of the Canyon Mine 
is not fully consistent with Native American religious beliefs 
and practices. In the Decision, page 14, the Regional Forester 
expressly found that operations at the Canyon Mine will 
"detract[] from the area's religious significance to Tribal 
members." The Forest Supervisor, though, refused to take 
action: "If basic conflicts exist . . . such conflicts might 
more appropriately be addressed through our judicial or legis- 
lative systems, rather than the administrative appeal pro- 
cess." Responsive Statement at 23. The Tribe submits that it 
should not be forced to seek judicial or legislative relief to 
protect the fundamental right of religious freedom that is 
jeopardized by Forest Service action. It is the duty of the 
Forest Service to resolve such conflict in favor of religious 


freedom by disapproving a plan of operation for the mine. 
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The Responsive Statement admits that written documentation 
of Havasupai religion is scarce and, although presented with 
uncontested testimony that it is sacrilegious for the Havasupai 
to discuss their faith with non believers, infers from that 
scarcity that the Canyon Mine is not a sacred site visited for 
significant religious observances central to Havasupai faith. 
Responsive Statement, page 24. Titing four non-Havasupai 
authorities, the Responsive Statement concludes that these 
authorities "represent a factual description of the Havasupai 
social and religious beliefs, notwithstanding the additional 
information and beliefs recently divulged by the Tribe." Id., 
page 24. 

Thus, the Porest Service has chosen to disregard the writ- 
ten and verbal evidence submitted by believers of the Havasupai 
religion, in deference to non-Havasupai outsiders. The Tribe 
submits that this was improper and the inferences drawn are not 
reasonably supported by the Record. 

No one has questioned the integrity or veracity of the 
Havasupai Affiants who signed the Affidavit dated December 22, 
1986. And no one has impeached the integrity or veracity of 
those Havasupai Indians who testified before the Office of the 
Chief on February 25, 1987 and before the Regional Forester on 
May 14, 1987. The Havasupais in the Affidavit and the Hearing 
testimony have testified positively as to certain facts, ie., as 
to their religious beliefs and location of their practices. It 
is submitted that the writings of others, which do not contra- 


dict the Havasupai testimony and do not discuss the religious 
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significance of the site to the Havasupais, should be of no 
evidentiary value against the testimony of the Havasupai witnes- 
ses. The absence of writings by others proves only that the 
writers know nothing. It does not prove that there is nothing 
to know, or learn. 

Negative testimony cannot outweigh uncontradicted and unim- 
peached positive testimony. There is nothing in the record to 
reflect that any of the non-Havasupai authors relied upon by the 
Forest Service were in a position to be told what the Hava- 
supai's believe. In fact the writings of Spier at Exhibit 8 to 
the Responsive Statement state: "The paragraphs which follow 
express religious notions as they are known to a layman. It is 
regrettable that it is not possible to obtain the viewpoint of 
the Shaman. Of the two living at the time of my visits, one 
died during the second winter; the other is quite deaf." 

In addition Smithson and Euler, at page 6 of Exhibit 7 to 
the Responsive Statement, recount a story of a Shaman being 
taken to Red Butte, the place of his birth, to communicate with 
a Spirit. It can only be assumed that the authors did not 
inquire whether the birth of the Shaman at Red Butte was his 
personal physical birth or the birth of the Shaman as a 
Havasupai. These non-Havasupai authors do not know the depth of 
their ignorance in reporting such stories. . 

It is on Record that for the Havasupais to discuss their 
sincerely held religious beliefs, and practices, with non- 
Havasupais is forbidden as sacrilege. It is of little or no 


evidentiary weight that non-Havasupais are unaware that the 
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Havsupais hold the Canyon Mine Site as sacred and that they 
practice their beliefs there by prayer or otherwise. The Record 
does not reflect (1) whether any of the non-Havasupai authors 
even asked Havasupais about their religious beliefs and prac- 
tices, generally; (2) whether the non-Havasupai authors then 
inquired about the significance of the Canyon Mine site to their 
religion, specifically; and (3) assuming these questions were in 
fact asked of believers in the Havasupai faith, whether they 
were answered freely and openly. 

Ignoring the forceful testimony of Havasupais in the 
Record, the Forest Supervisor and Regional Forester have relied 
upon statements of others which, according to them, imply that 
the Havasupais do not hold the Canyon Mine Site as sacred and 
critically important to their religious beliefs, practices and 
well being, since nothing is said about it in the books. In 
addition, as support for his decision, the Forest Supervisor 
noted in his Responsive Statement that there were no burial 
sites found or permanent places of habitation located, "nor were 
any materials found which would indicate the presence of a 
shrine site." Responsive Statement, page 26. In like fashion, 
the Regional Forester in the Decision noted, "I have not seen 
any convincing proof that mining activities at the Canyon Site 
will prevent the Tribe's ritual of annual renewal or destroy the 
continuum of life which is claimed as indispensable and central 
to the Havasupai religion," page 8, and that the Tribe "did not 


provide any physical evidence that the Canyon Mine Site has any 
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special significance for the Tribe." Responsive Statement, page 
10. 

The inference drawn from the non-Havasupai writings and the 
lack of physical evidence is classified as "negative" 
evidence. Under certain circumstances negative evidence can 
have probative value and tend to prove a fact. However, it is 
clear that courts in Arizona and other states have “held on 
numerous occasions that mere testimony by a witness that he did 
not see or hear an event occur, has, in and of itself no proba- 
tive force sufficient to prove that the event did not occur.” 
Byars v. Arizona Public Service Company, 24 Ariz. App. 420, 539 
P.2d 534, 538 (1975), citing, Udall, Law of Evidence, Section 
112 (1960). The Arizona Court of Appeals in the Byars decision 
goes on to state that negative evidence: 

", . . Can rise to the level of probative value 
only when coupled with a sufficient predicate, 
consisting of additional testimony or circum- 
stances to show that the witness's position and 
attitude of attention were such that he probably 
would have heard or seen the occurrence of the 
event had it happened. .. . To analogize, a 
witness's statement that he did not hear a bell 
ring is, standing alone, not at all inconsistent 
with the testimony of another witness that it 
actually did ring." 539 P.2d at 538. 

In this instance, there is lacking the "sufficient 
predicate" of evidence showing that the non-Havasupai authors 
relied upon by the Forest Supervisor and Regional Forester were 
in a position which would allow them to be told of sacred 
Havasupai religious beliefs. There is nothing in the Record 


indicating that any of these non-Favasupai authors asked Indians 


practicing the Havasupai faith what their beliefs were or where 
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they practiced their beliefs, nor whether the Havasupais 
ynfiinehiagly and unhesitatingly revealed their religious 
beliefs. | 

The fact that the Havasupais have refrained from revealing 
for the Forest Service other sacred religious sites or explained 
the religious significance of the artifacts that were discovered 
at the subject site is not conclusive evidence that the site is 
not held sacred by the Havasupai. As indicated above, practice 
of a religion in conjunction with public ceremony and tangible 
ceremonial things is not a condition precedent to applicability 
of the First Amendment. The fact that the Havasupais have no 
written creeds, no man-made houses of worship constructed of 
marble and granite, or that the Forest Service has not located 
Havasupai prayer sticks, is not indicative that their testimony 
about the centrality of their beliefs regarding the site to 
their religion and way of life are insincere. 

Many of the artifacts which were removed from the mine site 
by Abajo Archeology have religious significance and should be 
returned to the site. The Forest Service does have physical 
evidence of religious use of the site but does not understand 
the evidence and therefore does not recognize it. 

It is apparent on the Record that for the Havasupai, the 
geographic location of the Canyon Mine Site is inseparable from 
the Havasupai way of life, is a cornerstone of their religious 
observance, and plays a central role in Havasupai religious 


beliefs and practices. 
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More than a simple secular state of mind, the Affidavit 
submitted by Tribal members dated December 22, 1986, shows that 
the "Way" and the location of the Mine Site are inextricably 
interwoven in a complex “religious practice". In the Affidavit 
Tribal members reveal the following: 


"We know the location of the Canyon Mine, 
have visited the location on many 
occasions...We have not returned to this 
place, since they started preparation for 
their mining activities, but we have been 
told that Energy Fuels Nuclear is drilling a 
well, has cleared all of the trees, plants 
and grass for the site and is planning to do 
further clearing, digging and building at 
this place. This mine and certain others 
which are proposed, will destroy a vital 
part of our religion and the right to 


practice our religious beliefs as Havasupai. 
(Emphasis added). 


zx kek 


The Canyon Mine is in a clearing north of 
Red Butte. This mountain and the proposed 


Mine site are sacred places to the 
Havasupai. For us to tell you that this 
place is sacred is a violation of our 
religious beliefs. (Emphasis added). 


x ke 


The location of the proposed Canyon Mine is 
the "Abdomen" of the Earth. It is sacred to 
us. It should not be violated.... (Emphasis 
added). 


x & ® 


We do things and think things which we have 
come to understand that you would call 
"practicing religion". We want our right to 
"practice religion" in our "Way" preserved. 


x & 


Sometimes we go to this place to pray and 
leave things there. Sometimes we pray for 
that place from a distance. A _mine will 


kill and destroy the resting place of the 
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Life Spirit and the Mother. Life cannot be 


renewed by a dead Mother, or strengthened by 
a dead Mother. No good can come from a dead 
Mother. No good can come from a prayer or 

offering to a dead place. (Emphasis added). 


zx 


The mine is in the path traveled by the 

Cohonino who travels through and rests at EN 

the "Abdomen" on its annual journey of : 9693 
renewal to the Hopi mesas, and at other 

times. The Cohonino will not renew the 


sacred Havasupai Spirit, if this place is 
destroyed by the mine. (Emphasis added). 


x ke 


The preparation for the mine which is being 
done, wounds the earth at a sacred and vital 
place. A mine will kill it. Reclamation 
will only make it a cemetery... (Emphasis 
added) ." 


The Havasupais explained the paramount significance of the site 
to their religious beliefs and practices in great detail in oral 
testimony before the Regional Forester, and earlier before the Office 
of the Chief. In reading the Transcripts, though, one must remember 
that the Havasupais are attempting to explain a very complex, deeply 
felt set of religious beliefs and practices, and that as children, 
they were fluent in the Havasupai language long before they were 
taught English. For these reasons, they have said: 

"English does not serve us well to inform you. It 
is our second language. It's words do not 
properly show you our view." Affidavit, December 
22, 1986, at 2. 

"It is very difficult for us to be able to be 
pulled out of our environment and be able to go 
cross country to explain the actual feelings, to- 
explain the actual environment of the area. .. 
-Again, the language, the people, we have our own 
way of communications within the Tribe. We 
understand each other. It is difficult for us to 


be able to go into another form of language, 
another form of communication and say, "You 
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understand this. Now, I will explain it to you in 


your language, see if you can understand it.” 
There is no way you can do that. .. . This 


particular session being, in having to concentrate 


with the religion. No one is going to go out to 
any group of people and say, "This is my personal 
religion, my personal beliefs," because it is 

something we grow up with. It is something that 


we have to attain, it is something that we have to 


Mature into. It is very difficult for any one 
person to come up and say, "You teach me the 

religion." You cannot. We learn the religion 
throughout our whole lifetime. For us to be able 


to sit down in a very short period of time and try 


to make you understand that this area means a lot 
to us, this area is part of us, you bother with 
that, then you are bothering with us physically. 
- « » %It is understood amongst this particular 
delegation [of Havasupais] that whenever we are 
saying something, we forget the fact that you as 


that outside factor do not know the people, do not 


know the points of reference that we are making. 
We have grown up with it, we were taught that in 
our raising, in our rearing. So when a name is 
thrown out as part of the discussion, we 
understand it, you don't understand it." Trans- 
cript of Oral Testimony before Office of Chief, 
February 25, 1987, pages 26-29. 


The following excerpts of oral testimony by the Havasupais should 


be read hesitantly and slowly, as it was spoken by the people. 


{[Sinyella, T. 44 - 46] "We went to D.C. We told him 
about what we are concerned about the area. That 
area is where I was born and I was existing from 
that. A lot of my old people are very concerned. We 
just didn't -- we didn't want to tell no-one. We 
want that a secret, but now that is being touched and 
here we are. I am not being touched, I am being beat 
up. Here I am. Again, the First Amendment of our 
Constitution, Bylaws in this United States, this 
tells me that I have a religion and I want my 
religion to exists, and if this is going to happen, 
then, why -- I don't go to your Sunday school session 
and tell you that you have to -- it is just 

terrible. A terrible thing. . . .Grand Canyon is my 
lands. I was born there and my people, my family, my 
grandfathers are all buried there. We want that a 
sacred site. It is not just to Havasupais. The 
Navajo, Hopis, all of them, they are real concerned 
about the disturbance of it. If something happens 
there -- it really did, it hurt us. It hurt us so 
badly. I was in D.C. the other night. I called 
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home, my wife said, “Boulder came off the wall," and 
that tells me something. It says there is a 
disturbance somewhere on my country. .. . It told 
me something. So, in my heart, I have got a 

feeling. And other leaders from my community, they 
came in and told me about that. They said, “there is 
something happening that we should have a move." So, 
just to tell you just what a religious part of it, it 
is so strong, it is a secret. We did that and then 
we had to expose it. So, we did it. Bob Euler, he 
is no Havasupai. He is a white man. He isn't born 
there. He makes his living collecting moola and he 
just writes up something that he just believes. My 
belief is that I existed in the Grand Canyon and I 
was born there and I am going to die there. That is 
my country and I'm going to keep it as my country." 


(Jack, T. 46, 48] “We though P. L. - 9617 of the 
Grand Canyon, I guess we thought it guaranteed our 
rights to the sacred Red Paint. We believe, and now 
we hear again, we have certain rights in certain 
areas, not covered in that Act, you know. Like 
specifically, in the area we are talking about. .. 
- We definitely believe in the things that we 
definitely say it is. It is a sacred site there. . 
- . Before our people hired him, Euler, he was 
concerned with the land only, not religious aspects 
of the life. If we would have understood, we could 
told him in detail exactly as to how we live. He 
don't know anything about our religious site. He 
knew and understood the artifacts on our land, 

only. He will tell you that. We met with him, he 
understood this. If we brought him over here, he 
would say, yes." 


(Sinyella, T. 48] "The letter that was sent to Joe 
Sparks from Dale Robinson up in the D.C., May 4, that 
is, we tell him to say the things that we believe, he 
didn't go out and make stories. Because that letter 
was something else that didn't agree with me. One 
thing I want to make clear, that is the site that we 
are talking about is -- this is where we are born 
along time ago. The Havasupai People, the 
Grandmother, the Mother, that is where it is, right 
there at that point. Just right north of it. That 
is where the Umbilical Cord is tied in our system and 
that is where we drop.” 


(Jack, T. 49] "When Fuels came around to meet us as 
a Council, the people here, we couldn't just go out 
and tell them what is that. We were just there to 
listen. You can see the scars. The scars inside us 
but we won't say it until such a time -- we thank you 
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very much for inviting us to discuss this thing. It 
is very important to us, as well as to all the 
people. It is just for the sake of spiritual 
things." 


[Sinyella, T. 49] "Wife and I went out there one 
time, a Tribal roundup and we went out there. I 
didn't want to go look at the Site. It hurt me so 
bad. We went east of it and we cried all night. 
Maybe three, four hours. So, that is a very 
emotional thing and that happened over there and what 
happened right now, for the portion of construction 
and the drilling, that hurt us real bad, but it is 
not going to stop us to say no. What you did, 
something is going to happen within your Firm. There 
is going to be some bad results. I just hate to say 
it, but it is going to happen and I don't know if we 
should be the blame or you should be the blame, but 
because you were the guys that manipulated a little 
bit there." [See Sparks, T. 66, ‘Use of manipulation 
probably by Sinyella probably means mutilation']. 


[Jack, T. 50] "The part today has only wounded this 
Mother. Only wounded it. Now, if you are going to 
go ahead, you are going to kill it. It don't mean 
nothing now." 


(Tilousi, T. 50-51] "From the tip of the San 
Francisco Peaks to the tip of the Red View [sic, 
Butte], where the Site is, to the bottom of the Grand 
Canyon, that area is where we live. That area right 
there where the Site is, that is where, like he said, 
is our Grandmother. Our Grandmother lived there and 
the Springs there is where we originated from. And 
that area is a very, very religious area there, and 
for your people to come to me and tell me your 
religion, to believe in your religion, for me to go 
to you and try to make you believe my religion, you 
will never understand my ways; how I worship the 
places, how I.pray to the rocks, how I pray to every- 
thing alive there, the animals, the birds, the 

trees. The uranium mine started. It is going to 
destroy everything around that area. Not only that 
area, but our Mother is there and to kill your own 
Mother, I don't think is right." 


{[Jack, T. 53, 54] "I think Congress understood that, 
though, when they gave us the additional lands, they 
restored the lands to us. Unfortunately -- they also 
gave us access to our religious site. Some of it -- 
I can see it -- but I can't point out where the site 
is. It is protected. Unfortunately, the one we have 
seen is on the outside now. We are going to have to 
depend on the outside people to help us protect that 
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site. Unfortunately, it is now outside the Forest 
Service area and it is impossible for us to be there 
at the site to protect it every time, you know. .. 
. We are just trying to keep it in our own way of 
living, is how we survive. We will continue to 
Survive and this is the only way we can go. We can't 
go there no more when everything is dead.” 


[Sinyella, T. 54 - 55] "That is what I'm trying to 
point out. We are trying to exist. We are five 
hundred strong and that is all. If this is 
destroyed, where would our Mother go? That is what 
we believe. My Mother is existing there, even though 
-- .. . The First Amendment guarantees us to do 
religion, too. If that is considered, we would like 
to continue to do our practice there at the Site. If 
not, then where else should I go to tell them that my 
-- (Court Reporter unable to hear witness). Yes, I 
understand, you people have religious practices that 
you do, too. We do ours in a very sacred. We don't 
tell any body. We don't want to go show the sites to 
anyone. That is, again, our religion. We have to be 
real careful about that. Now that the issue is open, 
we have to express where those sites are. We have to 
tell what is happening there. We didn't want to do 
that. That is the reason why Patrick Garver was 
saying that we didn't respond. We didn't want to 
tell no-one. Now we are going to expose everything 
over there. That really hurt us. That really hurt 
us. I don't know. We should go over and tell the 
Red Paint that we did this -- but the Red Paint -- we 
guaranteed Him that this is going to be a closed 
issue but now it happened here and we are just afraid 
to approach the Red Paint any more because right then 
and there, he will strike you and he is going to 
cause the many -- he is going to do something to 

us. So, we are afraid.” 


[Sinyella, T. 58 - 61] "I was trying to give you in 
general, but if it is important to expose what is 
happening there, it is that that point right there, 
where they just happened to clear the site, that is 
where, not necessarily I go there. .. . That area 
is a Cord [See Sparks, T. 66, explaining cord refers 
to umbilical cord] that is still existing and I know 
there is some holes in it but it still hurts me that 
much. That is why I had to cry four hours one 
evening, because being as a leader and that item is 
watching me all the time, of what I am going to say, 
what I am going to -=- who I am going to contact, what 
I am going to expose, watching me all the time. It 
is just that I don't go over there and spend my money 
and talk to this guy and have lunch over here. That 
is not what I am trying to say. It is this Woman. 
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This Woman is so powerful that we existed and that is 
the reason why the Grand Canyon is there. This Woman 
that I am saying, that is -- we go there every seven 
years. We pass through there, hunting seasons, but 
we don't just go up there and talk. It is just that 
we have to be a distance to talk, but if there is 
something necessary that we have to do, then there is 
an area that we say -- that we like to call a site. 

I have seen the site being also trampled up with 
inspections and so forth before the mining people 
came in. That area, what we do is we go there and 
then we talk to the Mother. The Mother has to 
deliver the Baby. And the Cord is still tied within 
the Baby there. That is the reason why that mineral 
there is so powerful. That is what we discovered one 
time, long ago. So, that is what we call the 

Mother. The Mother is existing still. And then what 
we do is just watch the Baby grow until he goes all 
the way through the Grand Canyon, all the way through 
the Great Thumb, all the way through Supai. And 
there is certain points at the time of the year that 
we celebrate and we sing songs and tell stories 
during those seasons. We just don't tell stories 
every time. Like today, the story I am telling you 
is not suppose to be exposed to you until a certain 
season. That way, maybe when I go home, I get gray 
hairs. Things like that. It comes back again, like 
a big circle. It goes back and goes through 
Williams. It goes through Flagstaff, San Francisco 
Mountains and back down. That is where it dies and 
exists again. That is where we have a circulation, a 
cycle that we call being exposed, to tell you what we 
really think about that. We just didn't want to tell 
no-one, but there it is showing. I am telling you a 
little bit. I am not going into detail, just to give 
you a general idea of why that is a religious 
significance on our part. That is a purpose that we 
go through to the Red Paint. We go to the Hopi, 
Navajo. We trade with them. We use the Paint. We 
pray with them. We get salt everywhere. Now, I am 
telling you, in general, I'm not going to go up there 
and still there is a trail. This is the site. I'm 
not going to do that unless you twist my arm and want 
to kill me, then I will go over there and show yo 

the sites." 


(Jack, T. 61] “So far, he is talking about a 
Spiritual thing. Starting the end of June or July, 
the Child will start this movement. He is usually on 
a Horse visiting his Grandmother. On occasion, he 
will still come to visit Her. The site is there but 
I don't know how to say. It is there like that. The 
person that sees Him has everlasting life. It is 
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just like Jesus Christ. It is just like one of those 
light complected kids." 


(Tilousi, T. 61 - 62] “Like I said earlier, around 
the Mountains there is an area. There is where our 
Grandmother and the Springs got together and that is 
where life began. And the Grandmother, we say, lives 
in the west and the Young Boy lives out here in the 
east, and when they come to visit each other, that is 
where they visit there. They travel through there. 
Sometimes they just pass on through there. And in 
that area, we had sweat houses which we used for 
healings, but when the White Man, they tore 
everything down, our religious sites, our houses, our 
brush homes. They just tore them, wiped them away. 
And I don't know why Dr. Euler says we don't have 
religion. We do have religion and for him to say 
this, I just don't know why he said this, but he 
should know. That is where our sweat houses were. 

He saw them. He has seen our places there." 


(Jack, T. 63] “When Rex [Tilousi] said you're 
destroying a religious site, it means, a robin, when 
it lays it eggs, if you go touch its eggs, the mama 
won't come no more. That is what he meant by 
destroying our sacred site. It couldn't be no 

more. There will be no more. I£ you touch it, for 
example, it won't hatch and the mama won't come no 
more. That is all you have to do." 


([Sinyella, T. 63 - 64] “There is some items that 
Maybe you might be interested in. We had a meeting 
in Tusayan, about 8 miles south of the Grand Canyon 
Village. We had a meeting with the Forest and people 
from Energy Fuels and their representative. The Hopi 
and the Havasupai Tribe were all present, and the 
Hopi Elders and my people, and at that moment there 
was what you call a testing site that was existing, a 
tower, that was east or north of - - and I believe 
that collapsed. Those prayers were powerful to do 
something like that. Also, when I was in D.C., 
again, there was something that crashed into the 
Village. There was also another item that really 
told me that there was something happening. Those 
boulders like that, that once they fall, they are not 
going to fall for the next twenty hundred, 2000 years 
from now, if they fall, something like that. There 
is some boulders that can lay around. Those are 
elements that tell us that those things are existing 
and it told me, for sure, that there was something -- 
and we might sound a little funny to you people, but 
we believe that. We got religion. Bob Euler doesn't 
have one, maybe, that is why he wrote something up." 


23 


EN 0700 


(Sparks, attorney, T. 65 - 70] "We are the attorneys 
for the Havasupai Tribe and have been asked to make 
certain statements on their behalf, that are either 
legal in nature or religious in nature, which they 
feel they cannot say to you directly. 


I want to explain something: that the English 
language is difficult for them, and not to embarrass 
them in saying they learn it as younger adults and 
Older children, as they are learning English as a 
second language. For instance, the use of the term 
manipulation by the Chairman as he discusses his site 
is probably what we would say mutilation. The word 
"cord" is what we call the umbilicus or umbilical 
cord. Medicine is more than the stuff I just took 
with a glass of water. It is a religious practice. 
When you gather medicine, it is a religious practice 
in its gathering and it is a religious practice in 
its making, and it is a religious practice in its 
application. So, when they say it prevents them from 
gathering medicine in that area, that area being the 
Site and its immediate surroundings, that is what 
they mean by that. It prevents a religious 
practice. When they say Paint or Salt, they are 
talking about holy things, religiously holy things. 
When they say they can't go there because He -- "We 
can't go there because ‘'He' might not understand, we 
promise 'Him' we wouldn't say anything," it is the 
Keeper of the Red Paint they are talking about, 
another deity with whom they have to deal. And they 
stop and pray at the site of what is proposed to be 
the Canyon Mine in preparation for the meeting with 
the Keeper of the Red Paint. The same is true of the 
Salt. When they say, “that Child" or "that Kid" they 
are talking about the Spirit of Renewal and that 
Spirit of Renewal is born in May. When the Chairman 
says he is resting there now, to the Havasupai, and 
they will correct me if I'm not saying this right, 
the Havasupai think that is a fitfull rest because 
there is activity there and that should not be 
conducted now and they are not suppose to talk about 
certain of these things, even among each other at 
this time of the year. Only in winter are certain of 
these things that they have talked about with you 
this morning or today, only are they discussed among 
people who are Havasupai in the winter. 


Certain other of these things are discussed 
now. Now is the time when they would be praying for 
the Child's safe birth and praying and going to the 
site as they recently did go near the site but not to 
the location itself, because they couldn't bring 
themselves to view what had been done there. They 
cried. They are prevented from practicing their 
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religion, which is going to the site to pray for the 
Child's early health right after Its Birth. Its 
Umbilical Cord has not been severed yet. ... The 
Mining activity cannot occur without killing the 
Sacred Mother of the Havasupai. It will prevent -- 
using the words of the Forest Service, not my own -- 
it will prevent an essential, central, indispensable 
part of the practice of the Havasupai religion and 
the freedom of religion is protected by the First 
Amendment, as the Chairman has said. It is an 
individual freedom and here are four individuals who 
tell you that that site is sacred; that it is very 
important. I am authorized to tell you, and it has 
been said, it will kill the Mother to dig the hole in 
the middle of her abdomen. The Child can no longer 
be born. The Mother is dead. The manipulation of 
the site, or the mutilation of the site, those are 
wounds that, perhaps, can be recovered. That 
recovery process is called mitigation, revegetation, 
but if the Mine itself is developed, that is not 
possible because that is a point where it is 
revegetating a grave yard, a dead person." 


The above testimony was made before the Regional Forester on May 
14, 1987. Testimony of similar import and detail is replete 
throughout the Transcript of Oral Testimony before the Office of the 
Chief, February 25, 1987. Please see pages 18 through 54 of that 
Transcript. 

The Forest Service has placed great reliance on Dr. Robert 
Euler's submissions, notwithstanding that, as the above testimony 
makes clear, Dr. Euler's work has not been concerned with religion and 
the Havasupais have not revealed their beliefs and practices to him. 
In fact, Dr. Euler impeaches himself in his October 30, 1986 
Affidavit, part of the Record herein, when he states: 

"It is my understanding that the Havasupai are 
presently unwilling or uncomfortable discussing 
the details of some of the claimed impacts on 


religious sites or practices. Indeed, they have 
not been willing to reveal the details of their 


claims to me." 
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In the face of this, it is inexplicable how the Forest Service 
can infer from this ignorance that the Canyon Mine site and the Red 
Butte area is mot used for religious practices by Havasupais. 

It has often been recognized by courts and anthropologists that 
particular geographic locations figure more prominently in Native 
American religions and culture than in most other peoples. Certainly 
that is the case with the Havasupai. Yet this centrality of their 
belief, physical landmarks, is no less entitled to protection than 
more customary or "civilized" objects of worship. The above extract 
of testimony, and that which occurred on February 25, 1987, make clear 
that the Havasupai practice of worshiping at or praying to the Site on 
which the Canyon Mine would be located and Red Butte area is 
inseparable from the Havasupai way of life, is a cornerstone of their 
faith, and occupies a pivotal role in their belief and practices. 

In Wisconsin v. Yoder, 406 U.S. 205, 215-216 (1972), the Supreme 
Court found that the faith and mode of life of the Amish were 
"inseparable and interdependent” and the "traditional way of life of 
the Amish is not merely a matter of personal preference, but one of 
deep religious conviction, shared by an organized group, and 
intimately related to daily living." This also is true with the 
Havasupai people. 

In Frank v. Alaska, 604 P.2d 1068 (Alaska 1979), an appeal of a 
criminal conviction of an Indian guilty of unlawfully killing a moose 
for a funeral feast, the Alaskan Supreme Court determined that "while 
wild moose itself is not sacred, it is needed for proper observance of 
a sacred ritual. .. . Moose is the centerpiece of the most important 


ritual in Athabascan life and is the equivalent of sacred symbols in 
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other religions." The Havasupai have testified that the Canyon Mine 
Site and the Red Butte area are central to their religious 
observances, “where the Mother lives." It is the body of the 

Mother. It is where the Spirit Child of Renewal is born and rests 
before going the "Way". It is the meeting place of the Child and the 
Grandmother. It is the focus of Havasupai religious existence. 

A California Court found that Peyote played a central role in the 
"meeting" ceremony of certain Native Americans, which ceremony 
comprised the cornerstone of their religion. "To forbid the use of 
Peyote is to remove the theological heart of Peyotism." People v. 
Woody, 394 P.2d 813, 818 (1964). The testimony of the Havasupais on 
Record in this matter clearly indicates that to permit the excavation 
of the mine at the sacred Site will “remove the theologieal heart" of 
the Havasupai way of life. 

The governmental action of the Forest Service permitting the 
Canyon Mine not only burdens the religious practices of the Havasupai 
but prohibits and destroys their continued belief in the Mother of all 
Havasupai. 

In order for the governmental action to be constitutionally 
permissible it must further a compelling governmental interest in the 
least restrictive manner. See Wisconsin v. Yoder, 406 U.S. 205 
(1972); and Sherbert v. Verner, 374 U.S. 398 (1963). 

The Porest Service has the burden of establishing a compelling 
governmental interest. Northwest Indian Cemetery Protective 
Association v. Peterson, 795 F. 2d. at 695 citing Wilson v. Block, 708 


F.2d at 742-44; Sequoyah v. T.V.A., 620 F.2d at 1164, Badoni v. 
Higginson, 638 F.2d at 176-77; Crow v. Gullet, 541 F.Supp. at 792. 
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The Forest Service has completely failed to meet this test. They 
do not have any specific compelling interest in developing uranium 
resources at this site. 

The governmental interest in this case is the Forest Service 
Management of the surface resources in a manner consistent with FLPMA 
and the Mining Act of 1872. This falls far short of a compelling 
"governmental interest. In fact, the 9th Circuit Court of Appeals 
determined in Northwest Indian Cemetery Protective Association v. 
Peterson that management of the forest is not a compelling state 
interest which would allow a burden on religion. 795 F.2d at 695. 

Even if the government established an interest in the supply of 
uranium, this interest can be met in a less restrictive manner. There 
is no evidence that the uranium produced at the Canyon Mine will be 
used within the United States or that the government's requirements 
cannot be met from some other supply. There are numerous uranium 
mines and deposits within the United States, many of which have 
greatly reduced production because of a decline in the uranium market. 

A governmental interest in carrying out the general statutory 
directives of FLPMA and the Mining Act of 1872 do not justify an 
otherwise unconstitutional activity. Therefore, the First Amendment 
rights of the Havasupai Tribe to be free from activities which 
prohibit the free exercise of their religion must be upheld. 

III. The American Indian Religious Freedom Act. 

The American Indian Religious Freedom Act, 42 U.S.C.A. §1996, 
(AIRFA) adds further support to the Havasupai's right to be free from 


unconstitutional interference. 
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The Act provides that: 
(I]t shall be the policy of the United States to 
protect and preserve for American Indians their 
inherent right to freedom to believe, express, and 
exercise the traditional religions of the American 
Indian... 16 0.S.6.A. §1996. 

The clear intent of AIRFA was to provide protection for Native 
American religious beliefs no matter how divergent from those of 
western society. As indicated in the legislative history of AIRFA, 
many Native American religious beliefs are site specific or are 
integrally tied to locations within a Tribe's aboriginal territory. 

The import of this Act is to require the Forest Service to 
consider those practices and beliefs of Americans which were called 
"myths", "superstitions", “stories" or "cultural practices" as 
religion subject to protection under the First Amendment. 

Iv. The Grand Canyon Enlargement Act. 

Section 228i of the Grand Canyon Enlargement Act established the 
expanded boundaries of the Havasupai Reservation. As a compromise, 
Congress required that the Havasupai agree to an extinguishment of all 
of their Tribal right, title and interest in lands not otherwise 
declared to be held in trust or included within the Grand Canyon 
National Park. This was unacceptable to the Havasupai unless they 
could be assured that those religious areas not included within the 
Reservation boundaries would be preserved. Therefore Section 228i (c) 
was added to specifically provide that nothing in the Grand Canyon 
Enlargement Act, including the extinguishment of Tribal right, title 
and interest in lands, shall be construed to prohibit access by 


members of the Tribe to any sacred or religious places. The 
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development of the Canyon Mine is a direct violation of his 
provision. 

As shown above, the location of Canyon Mine is a sacred religious 
site. Development of the site does presently and will in the future 
prohibit access by the Havasupai. 

This is a specific congressional directive applicable to this 
precise site. Furthermore, the Ninth Circuit Court of Appeals has 
determined that the National Forests should be managed so as not to 
burden genuine Indian religious beliefs and practices, citing the 
Grand Canyon Enlargement Act as such a directive. Northwest Cemetery 
Protection Association v. Peterson, 795 F.2d at 694. 

Development of the Canyon Mine site is not only in violation of 
the Havasupai Tribe's First- Amendment rights, but it also is in 
violation of the policy of the United States as evidenced by AIRFA and 
the specific intent of the Grand Canyon Enlargement Act. 

The principals of constitutional law and statutory construction 
require that the Havasupai religion be protected. 

v3. Fiduciary Duty Owed to the Tribe. 

In response to the Tribe's contention that by approving the 
modified Plan of Operations the Forest Service has breached fiduciary 
duties owing to the Havasupai Tribe, the Responsive Statement of the 
Forest Supervisor summarily concluded that monitoring, mitigation and 
reclamation measures imposed meet any fiduciary responsibilities. In 
other words, since there are "no significant environmental impacts of 
the proposed Canyon Mine which cannot be substantially mitigated or 
voided" there is no breach of fiduciary obligations. Responsive 


Statement at 69. In similar fashion, the Decision of the Regional 
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Forester concluded: “Federal agencies may have statutory established 
fiduciary duties associated with the management of Indian lands and 
resources. No such duties are at issue here since the lands embraced 
with EFN's mining claims are National Forest System Lands, not Indian 
lands." Decision at 10. 

The Forest Service has altogether misconstrued the doctrine of 
fiduciary responsibility owed by the United States to the Tribe. 

"Trust obligations define the required standard of conduct for 
federal officials and Congress. Fiduciary duties from the substantive 
basis for various claims against the federal government. Even more 
broadly, federal action toward Indians as expressed in treaties, 
agreements, statutes, executive orders, and administrative regulations 
is construed in light of the trust responsibility. As a result, the 
trust relationship is one of the primary cornerstones of Indian 
law." Cohen, Handbook of Federal Indian Law, 220-21 (1982). 

The trust obligations owing by the United States to Federally 
recognized Indian Tribes are binding on the United States, and the 
federal trust responsibility governs and controls all executive 
departments that may happen to deal with Indians, not just those such 
as the Bureau of Indian Affairs which have special statutory 
responsibilities for Indians or their lands. See Navajo Tribe v 
United States, 364 F.2d, 320 (Ct. Cl. 1966); Pyramid Lake Paiute Tribe 
v. Morten, 354 F. Supp. 252 (D.D.C.) (1973). Furthermore, fiduciary 
obligations of the United States require that particular attention be 
given to the procedural rights of Indians by federal administrative 


agencies. See Morten v. Ruiz, 415 U.S. 199, 236 (1974). 


In Pyramid Lake Paiute Tribe v. Morten, 354 F. Supp. 252, 256 
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(1972), the Federal Court invalidated a regulation of the Secretary of 
Interior which in turn permitted diversions of water for a Federal 
reclamation project on non-Indian lands which adversely affected a 
downstream lake on an Indian Reservation. While the diversions 
violated no specific statute or treaty, the Court found them contrary 
to the trust responsibility owed to Tribes. The court ruled that the 
Secretary of the Interior was required by his trust responsibility to 
administer reclamation statutes, which did not specifically involve 
Indians, in a manner which did not burden Indian rights. 

In light of the foregoing, it is clear that thé-Worest Service . 
has misconstrued the doctrine of fiduciary obligations owing to Indian 
Tribes. The standard of fiduciary principals applies to all executive 
departments where governmental action affects Indians, and even though 
Indian lands are not involved. 

VI. No Action Alternative 

NEPA requires that a decision by a federal agency be based on 
environmental factors which have been given due weight in the decision 


"no- 


making process. The regulations implementing NEPA require that a 
action" alternative be considered, that the information that is used 
to determine the environmental impacts be given due weight in the 
decision making process and not be used to justify decisions already 
made and that the agency insure the professional integrity, including 
scientific integrity, of the discussions and analysis. 

The Tribe has steadfastly maintained throughout that the analysis 
by the Forest Supervisor of the no action alternative was inadequate, 


as the Supervisor failed to recognize and consider his ability to 


implement the no action alternative. 
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While the Responsive Statement of the Forest Supervisor describes 
the discussion in the Environmental Impact Statement of the No-Action 
Alternative as considered “in detail", it consisted of merely two 
paragraphs. Chapter 2, Section 2.4 of EIS. The EIS provides that the 
Forest Service does not have authority to disapprove a reasonable 
operating plan for a mining operation as long as it is conducted in an 
environmentally responsible matter. In other words, the Forest 
Service in the EIS took the position that approval of some sort of 
plan of operation was mandatory under existing and applicable mining 
laws if the plan of operation was environmentally sound. This 
position would underscore the Tribe's argument that the Forest Service 
failed to give adequate consideration to the Tribe's First Amendment 
arguments with respect to the free exercise of their religion. While 
the Decision of the Regional Forester retreats somewhat in stating 
that a plan of operation may be disapproved for environmental reasons 
as well as noncompliance with other laws, the fact that the Forest 
Service at the time of preparing the EIS did not believe it had 
authority to disapprove of the plan in the event it violated the 
Tribe's First Amendment rights, to a great extent explains the lack of 
required in depth considerations of the significance of the Canyon 
Mine Site to the Havasupai way of life. In other words, had the 
Forest Service at the time of preparing the EIS known it could 
disapprove of a plan of operation if such approval violated 
Constitutionally protected rights or other federal laws, those 
circumstances would have been more fully and adequately investigated, 


and a different result achieved. 
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VII. Groundwater and Surface Water Analysis. 

The Havasupai Tribe has always been very concerned above the 
potential for contamination or depletion of the groundwater in the 
Redwall-Muav and other aquifers. Though the Forest Supervisor has 
apparently read and had someone retype the comments which have been 
submitted by the Havasupai Tribe they have never been adequately 
addressed. 

There is not enough known above the aquifers of the area, 
including the Redwall-Muav Aquifer, to make an informed decision that 
there will be no contamination or that any contamination that does 
occur can be eliminated by pumping from the monitoring well. The 
Forest Supervisor's Responsive Statement states at page ll that the 
-factors needed to make the conclusions specified in the EIS are known,’ 
including the location and rate of flow of the principle points of 
discharge from the Redwall-Muav Aquifer. This information is not 
complete and lacks the scientific integrity needed to make the broad 
conclusions that there will be no contamination or that if there is it 
can be effectively eliminated. 

The rate of recharge and the locations of recharge into the 
Redwall-Muav Aquifer are not known and there are no studies which have 
indicated the transmissivity rate of water or the direction of flow at 
the mine site. 

In addition the Groundwater Report indicates that there are large 
interwoven karst in the area. If this is accurate information, these 
karst will provide a very fast means of spreading any contamination 
throughout the aquifer. The karst may also cause the flow of 


contaminants to be away from the monitoring well. 
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A single monitoring well has been placed on the mine site without 
regard to information contained in the Groundwater Report. A single 
monitoring well is inadequate. The Report indicates not only the 
large interwoven karst, but that the fractures in the breccia pipe 
curve inward to the mine site. Any water moving to the center of the 
mine site has more hydraulic head and a greater potential for vertical 
migration. This downward migration will increase the concentration of 
any contaminants. Monitoring of contaminants at any location other 
than at the center of this inward-downward migration will not detect 
the contamination. 

At a minimum, the monitoring should be conducted in the center of 
the mine disturbance and further studies should be performed using 
environmental tracers to gather the information necessary to determine 
the transmissivity within the applicable aquifers. 

The surface water analysis is based on one occurrence observed in 
the wash which runs through the mine site. There are no rainfall @ 
gauges at the mine site nor are there any within the immediate 
vicinity. Therefore the determination that this was a 100-year event 


is purely speculative.’ 


There is also not enough information to accurately predict a 
magnitude of a 500-year event. There have been several catastrophic 
floods down Cataract Canyon and through the village of Supai during en 
the lifetimes of Tribal members. There have been several intense 4 
floods within the past 12 years which would have included waters which 
fell upon the Canyon Mine Site and vicinity. Those waters and 
materials carried by them were carried through and deposited in 


Cataract Canyon and the village of Supai. This information has been 
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ignored in the analysis of surface water flooding an “determination of 
100 and 500year flood events. 

In addition the studies have still failed to adequately address 
the potential for contaminated surface water entering the groundwater 
through the numerous fractures and fissures in the area. The 
methodology relied upon by E.F.N. and the Forest Service is flawed, 
and the meager attempts at mitigation of water contamination are 
grossly insufficient. See Exhibit "B" attached and incorporated 
herein. 

CONCLUSION 

In the entire world there exists only 515 Havasupai. They have 
been spared from extinction because of their unique language, remote 
location, secretive lifesytle and complete dedication to the Havasupai 
Way. These attributes, which have served so well for thousands of 
years to preserve their cultural and religious identity, are now being 
used by the Forest Service as a sword against them. 

The Havasupai have existed as the guardians of the Grand Canyon 
since their creation from the Grandmother. The Grandmother, as 
Creator, is still living and renews the Havasupai Spirit annually by 
bearing a Child. The Child of the Grandmother rests on her abdomen in 
the clearing north of Red Butte, the Canyon Mine Site, to gain 
strength before visiting the Havasupai. 

To destroy the Creator is to destroy her children, for without 
her, their Spirit cannot be renewed and they cannot live the Havasupai 
Way. They are now living with the knowledge that the Grandmother has 


been hurt; they cannot continue in the Havasupai Way if she is 
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killed. To drill the Canyon Mine is ethnological genocide for the 
Havasupai. 


So God created man in his own image, in the 
image of God he created him; male and female 
he created them. And God blest them, and EN 0713 
God said to them, 'Be fruitful and multiply 
i 


Genesis 1:27, 28. 
Th 
Respectfully submitted this gS —day of September, 1987. 
SPARKS & SILER, P.C. 


By 
Joe P. Sparks 
Margaret Vick 
Michael C. Shiel 
Attorneys for the Havasupai 
Tribe 


Copy of the foregoing Request for 
Stay, Notice of Appeal and Statement 
of Reasons mailed certified, return 
receipt requested this 25 = day of 
September, 1987, to: 


F. Dale Robertson, Chief Leonard Lindquist 
Forest Service Forest Supervisor 
U. S. Dept. of Agriculture 800 South 6th Street 
P. O. Box 2417 Williams, AZ 86046 


12th & Independence, S.W. 
Washington, DC 20013 


Copy of the foregoing mailed 
this QStS day of September, 
1987 to the following: 


Sotero Muniz 

Regional Forester 
Southwestern Region 

517 Gold Avenue, S.W. 
National Forest Service 
Albuquerque, NM 87102 
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Ms. Mary Sojourner 
Canyon Under Siege 
0.C.S.R. #14 
Flagstaff, AZ 86001 


Ms. Lori Potter 
Sierra Club Legal 
Defense Fund 
1600 Broadway, Suite 1600 
Denver, Colorado 80202 


Mr. Pat Willis, President 
AZ Wildlife Federation 

P. O. Box 15666 

Phoenix, AZ 85060 


Friends of the River 
Robert Lippman 
Colorado Plateau Rep. 
BP. OO} Box L115 
Flagstaff, AZ 86002 


Mr. Michael P. O'Connell 


General Counsel, Hopi Tribe 


P. O. Box 123 
Kykotsmovi, AZ 86039 


Mr. Patrick J. Garver 
PARSONS, BEHLE & LATIMER 


185 South State Street, Suite 700 


P. O. Box 11898 


Salt Lake City, UT 84147-0898 


James Mahoney, Co-Founder 
School of the Dancing Sun 
P. 0. Box 5903 

Flagstaff, AZ 86011 


Phyllis Hogan 

Executive Director 

AZ Ethnobotanical Research Assn. 
18 East Santa Fe Avenue, B 
Flagstaff, AZ 86001 


Mr. Daniel Sosa, III 
Tonantzin Land Institute 

3907 Isleta Boulevard, SW 
Albuquerque, New Mexico 87105 


Mr. Bradford S. Cheff 
732 South 3rd Avenue 
Tucson, AZ 85701 


Mr. Ian Root 
P. O. Box 23 
Lewis Run, PA 16738 
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THE RUMAN CATHOLIC 


church of phoenix 


IF YOU HAVE RISEN WITH CHRIST, SEEK THE THINGS THAT ARE ABOVE 
400 EAST MONROE, PHOENIX, ARIZONA 83004 TELEPHONE (602) 257-0030 


OFFICE OF 
THE BISHOP 


August 21, 1987 EN 0'715 


To Whom It May Concern: 


We have recently learned that the United States Forest Service may 
allow a mining company to destroy the ability of the members of the 
Havasupai Tribe to practice their traditional religion. The Forest 
Service has approved the development of the Canyon Uranium Mine 
at a most sacred site to the Havasupai. 


The Havasupai Tribe has lived within the region of the Grand 
Canyon in the same aboriginal territory for over a thousand years. 
The first recorded contact with the Havasupai was made by Father 
Francisco Garces in 1776. Father Garces visited the Havasupai in the 
Canyon and in their homes on the plateau. 


The Havasupai, like most native people, have strong religious beliefs 
which are _ closely related to physical landmarks within their 
aboriginal territory. Members of the Havasupai Tribe believe the 
Mother of all Havasupai lives in the immediate vicinity of Red Butte, 
south of the Crand Canyon Village. They believe that they are reborn 
annually through the birth of a Child from their Mother. 


The rebirth of the Havasupai, a central tenet of their religion and 
life-way, cannot continue if the Canyon Uranium Mine is developed. 
The Child cannot be born if the Mother is severely wounded or 
killed. If the Child is not born, the Havasupai believe their religion 
will be destroyed and with the destruction of their religion, the 
Havasupai will perish spiritually if not physically. 


As Christian leaders who are respectful of the traditional religious 
beliefs of Christian and Non-Christian Native Americans in the State 
of Arizona, we share the distress of the Havasupai people who view 
the mining of their sacred sites as a seriously disrespectful action not 
only to their culture and religion but to the delicate environment of 
the Crand Canyon area. 
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We, therefore, fully support the Havasupai in their efforts to 
persuade the Congress to take appropriate action to preserve their 
~~ most sacred beliefs by protecting this religious site. 


Sincerely, 
en rv, ae 
Most Rev. es J. O'Brien 


Bishop of Phoenix 
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ba Rev. James F. O'Brien, S.J. 
Vicar for Indians 
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Mr. Joe P. Sparks EN 
Sparks and Siler, P.C. 

73503 First Street 

Scottsdale, Arizona 85251-4573 
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Dear Mr. Sparks: 


I have reviewed surface and groundwater hydrology sections 
of the Final Environmental Impact Statement, entitled “CANYON 
URANIUM MINE, COCONINO COUNTY, ARIZONA", (FEIS), and have also 
reviewed associated information pertaining to development of 
Canyon Uranium Mine, including the “RESPONSIVE STATEMENT FOR 
CANYON URANIUM MINE APPEAL, KAIBAB NATIONAL FOREST, ‘(RSCUMA), 
and the Appendix to the Draft Environmental Impact Statement 
for Canyon Uranium Mine, (DEIS). I have found these statements 
to be deficient in several areas. 


Much of the information describing the subsurface 
hydrologic regimen near the site is not based on hard, 
site-specific data, but is inferred from distant locations. For 
example, the contention on page 14 of the RSCUMA that 
“Inspection of the springs and caverns in the Redwall Limestone 
exposed in the walls of the Grand Canyon indicates that 
groundwater is most likely to occur in large interwoven 
fracture and solution systems" is not only debatable and not 
well supported, but a clear link between the non-documented, 
non-referenced “inspection” findings and the proposed Canyon 
Mine site is not established. Perched zones are “believed to 
be" (page 14 RSCUMA) “small, thin and discontinuous", but not 
established as such. 


The lack of site specific information leads to several 
assumptions by the consultants to the Forest Service and the 
Forest Supervisor in the FEIS, DEIS, and RSCUMA including the 
following: 

1). only low volumes of perched water, if any, will drain 

into the mine site (and the corollary that 160 acres 
of recharge draining into the mine shaft is a 
conservative or maximum estimate) , 

2.) disruption of the perched aquifer system will result 
in no overall disruption of the subsurface hydrologic 
regime, 

3). tests using tracer dyes are not feasible, 

4). direction and rate of groundwater flow at the mine 
site is not complex and is able to be determined (as 
has been done in several limestone units in Arizona), 
and 

S). off-site contamination of subsurface hydrologic 
systems is unlikely. 


In the final EIS, mention is made of perched water being 
encountered at a depth of 140 feet below land surface with 
initial yield of 8 gpm, which later declined until groundwater 
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production ceased. Although the well yield was reported, the 
aquifer properties of thickness, transmissivity, coefficient of 
storage, and even the time it took the aquifer to decline in 
yield is not reported. Because values of well yield can be 
dominated by such factors as well construction, well grouting, 
screen interval, configuration and size of casing perforations, 
well development, method of water extraction, pump efficiency 
and other factors, omission of further details concerning this 
perched aquifer make it impossible to assess the volumes of 
water which could be yielded into the mine shaft, or what the 
effects of the perched aquifers disruption will be to the 
overall hydrologic system. 


On page 18 of RSCUMA the following statement is made: 
“Because the distances between the springs and the mine site 
are large and the zone of recharge covers a large area, tests 
using tracer dyes are not feasible." If, in fact, the point of 
compliance for adherence to water quality standards is the edge 
of the property boundary, and assuming that there is some 
concern and respect for the quality and quantity of surrounding 
well water, tracer dye tests are quite feasible to help 
determine the pattern and quantity of groundwater flow. Dyes 
could be used in surrounding wells, and where greater distances 
are involved, e.g. flow to the springs of the Grand Canyon, 
environmental tracer analysis could be carried out. 
Environmental tracers can include natural groundwater quality 
parameters, stable isotopes of hydrogen and oxygen, “bomb 
pulse" constituents of water such as tritium, manmade 
#luorocarbons and many other tracers which comprise a naturally 
eccurring tracer test without the addition of dyes. For 
example, the radioactive constituents found in many springs in 
the region could indicate some hydrologic connection between 
the springs and geologic bodies (e.g. breccia pipes) containing 
the same radioactive materials. 


The Theis approach for estimating drawdown in wells is 
used to give a “worst case" for mining impact of surrounding 
wells on page 3S of the DEIS. This model utilizes an 
assumption of a continuous, homogeneous, isotropic aquifer of 
infinite horizontal extent. However, the perched aquifer is 
described by the forest service and consultants elsewhere as 
being discontinuous, and lacking in horizontal extent. The 
assumption of infinite horizontal extent is wholely 
inappropriate for most limestone systems, and its use reduces 
the predicted effect of groundwater withdrawal on the drawdown 
of surrounding wells. Groundwater flow through limestone can 
be essentially conduit flow subject to impermeable boundary 
conditions, and use of the Theis model, even in a “worst case” 
scenario is misleading. The lack of validity of this critical 
assumption would have a more profound impact on drawdown 
prediction than the "very conservative and worst case 
conditions" assumed by the consultants, and any drawdown at 
locations surrounding the mine site and in hydrologic 
connection with it would likely be much greater than predicted. 
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The adequacy of a single monitoring well, designed to 
obtain representative groundwater data and samples at the mine 
site, is impossible to justify without knowledge of the 
complexity of the surrounding local hydrogeologic environment. 
The forest service blanket rejection of the Friends of the 
River comments 0. 2 and 3 on page 9 of RSCUMA, is based on 
a statement that there are general differences between karst 
flow in different regions of the U.S. and that “direction and 
flow have been determined for several limestone units in 
Arizona, including the Kaibab Limestone" (page 18, RSCUMA). 
However, the flow and direction of groundwater near the mine 
site is not presented, and the adequacy of a single monitoring 
well, considered inadequate in most Karst situations, is not 
justified. 


Leaching in the region of breccia pipes may be affected by 
fractures resembling an inverted cone, as referred to in the 
RSCUMA. These fractures would therefore be likely to deflect 
any downward percolating, mineralized water toward the center 
of the breccia pipe. This movement of water away from areas 
surrounding the breccia pipe (including the monitoring well) 
would tend to concentrate waters in one location where they 
would be less subject to capillary forces and more affected by 
downward gravity forces, thus increasing mobility of any 
potential contaminants. Calculations carried out in FEIS which 
estimate hypothetical drainage into the mine shaft to be 
thousandths of a percent of the flow of the major springs in 
the Grand Canyon area, fail to mention that this flow could be 
100% of the flow of small springs in the Grand Canyon region. 
With the groundwater flow ill-defined around the mine site, the 
potential for contamination of surrounding wells or springs is 
impossible to predict. 


In conclusion, the groundwater sections of the Draft and 
Final Environmental Impact Statements, and the Responsive 
Statement, are based on information which is not site specific. 
In order to adequately assess the potential for disruption of 
the subsurface hydrologic regime, and/or for migration of 
pollutants off-site, site specific information is crucial. 


In the surface hydrology sections of the DEIS and FEIS, 
the Roeske method is used to check recurrence intervals for 100 
year and 500 year floods. The Arizona Department of 
Transportation will not, as a matter of policy, use the Roeske 
method to design structures in Arizona (personal communication 
with Mr. George Lopez-Cepero, Supervisor, Bridge and Drainage 
Services, ADOT), because it is based on data from very few CG 
stations in Arizona, and its data base is from pre-1978. The 
Roeske method is unreliable for Arizona and will either a 
consistently underestimate the size of floods because of its — 
pre 1978 data base (several large floods occurred in 
Arizona since 1978), or will produce predictions which will 
fluctuate from observed data. Several other methods could be 
employed to check recurrence interval predictions. Obviously, 
if flood flows are underestimated, severe flooding problems 
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could arise. 


This concludes my preliminary assessment of the hydrologic 
information supplied in the Environmental Impact Statements and 
Responsive Statement for the Canyon Uranium Mine. I would be 
happy to answer any questions that you might have on this 


subject. 


Sincerely, 


ph 2 Titan 


David K. Kreamer 
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David F. Jolly 

Deputy Regional Director —EN O72] 
U.S.D.A. Forest Service 

517 Gold Ave. S.W. 

Albuquerque, NM 87102 


Re: Supplemental Comments of the Havasupai Tribe- 


Canyon Mine Appeal 
Dear Mr. Jolly: 


Enclosed are the following documents to be included in the record 
on appeal: 


l. Letter from Dr. David K. Kraemer to Joe Sparks discussing 
the inadequacies of the groundwater and surface water 
reports used in the Environmental Impact Statement (EIS); 


rr Excerpt from Spirit Mountain An Anthology of Yuman Story and 


Song, Leanne Hinton and Lucille J. Watahomigie, Editors, 
1984. 


36 Pages 42 through 8l of Transcript of Oral Presentation, on 
Appeal of Canyon Mine, heard on Thursday, May 14, 1987. 


Dr. Kraemer has been consulting with the Havasupai Tribe and our 
office throughout the review and comment period on the Canyon Mine 
proposal. He is an expert hydrologist and is one of the few people in 
the United States with any experience in tracking and determining 
radionuclide contamination in groundwater. 


David K. Kreamer is presently an Assistant Professor in the 
Department of Civil Engineering at Arizona State University. He 
received his Ph.D. from the University of Arizona in hydrology, minor 
in geosciences, with undergraduate work in microbiology and chem- 
istry. His main research interests are in the migration and fate of 
contaminants in the environment. Dr. Kreamer's work in the southwest 
has included studies: supporting a new method of nuclear waste 
disposal at the Nevada Test Site, of over 50 Arizona lakes and rivers, 
of groundwater pollution at superfund sites, on contaminant movement 
in the vadose zone, and on leaking underground storage tanks. He was 
a member and is now advisor to the Governor's Commission on Arizona's 
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Environment, and is a member of the Arizona Hydrological Society, the 
Arizona Society of Professional Engineers Water Resources and 
Hazardous Waste Committees, and the City of Phoenix Water Quality 
Advisory Committee. At Arizona State University, Dr. Kreamer teaches 
courses in groundwater hydrology, water resources engineering, surface 
water hydrology, and hazardous waste disposal and migration. 


The enclosed statement from Dr. Kraemer does not present any new 
or additional information that has not already been presented to the 
Forest Service. However, it has become apparent from statements in 
the Responsive Statement from the Forest Supervisor and the decision 
from the Chief of the Forest Service on the Stay, that statements from 
the members of the Havasupai Tribe and from this Firm as their 
Attorneys are given little weight in the balancing tests employed. 
Therefor, we requested that Dr. Kraemer provide a brief statement of 
his findings in review of the existing reports. 


We have included the excerpt from Spirit Mountain for the same 
reason. A portion of the “Origin Tale” as told by Earl Paya is the 
same aspect of the Bavasupai Religion which the individual members 
have been explaining to the Forest Supervisor, your office and the 
Chief. 


The Forest Supervisor chose to ignore this information and chose 
to accept statements from Dr. Robert Euler. As explained by Mr. Jack 
at the oral presentation (Transcript of May 14, 1987 Oral Presentation 
(TR.~) at 48), Dr. Euler has never been instructed in the Havasupai 
religion and knows very little if anything about the Havasupai Way 
(Tr. at 48). 


The fact that Dr. Euler does not know or Spier did not know about 
the Havasupai religion is irrelevant in the constitutional analysis. 
The statements from Euler and Spier (Exhibits 7 and 8 to Responsive 
Statement) that "[(rleligious matters occupy but a minor place in 
Havasupai life," and that “religion was poorly developed” are 
completely without foundation and lacking any factual or scientific 
basis. Much of what Euler and Spier observed and reported has great 
religious significance. It is their own lack of knowledge that 
prevents them from recognizing it as such. In fact, Euler states in 
his Affidavit prepared at the request of Energy Fuels as follows: “It 
is my understanding that the Havasupai are presently unwilling or 
uncomfortable discussing the details of some of the claimed impacts on 
religious sites or practices. Indeed, they have not.been willing to 
reveal the details of their claims to me." 


lreferences to the Transcript of the February 25, 1987 Oral 
Presentation before the office of the Chief of the Forest Service are 
indicated by "Tr. 2-25-87 at.” 

(Cont.) 
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It is inconceivable that any type of scholar of native people 
would believe that an organized society could exist in the same 
location for thousands of years and not develop a religion. These 
statements from Euler and Spier reveal their profound lack of 
knowledge in the area of Havasupai religion and culture, and 
contribute a great deal to establish their lack of credibility on the 
topic. 


Congress recognized that the Havasupai have a well established 
religion. The Grand Canyon Enlargement Act, 16 U.S.C.A. §228i, 
extinguished the Tribe's aboriginal title to the land within the 
Kaibab National Forest, including that area at the Canyon Mine site. 
As a condition to the extinguishment, Congress assured the Havasupai 
that nothing in the Grand Canyon Enlargement Act, including the 
extinguishment of title, would be construed to prohibit access by 
members of the tribe to the sacred sites (Tr. at 46, 53-54). The 
development of the Canyon Mine will not only prohibit access to a 
sacred site but may destroy it. 


Congress placed severe limitations on the use of the land added 
to the Reservation, yet expressly recognized the use of the lands for 
religious purposes. The congressional purpose of protecting religious 
sites for the Havasupai was approved by the Ninth Circuit Court of 


Appeals in Northwest Indian Cemetery Protective Association v. 
Peterson, 795 F.2d.688,694 (1986). 


Mr. Tilousi explained at the oral presentation that if the United 
States government had not restricted the Havasupai to the reservation 
and burned and destroyed their houses and sweathouses they would still 
be at the Canyon Mine Site. The Havasupai did not abandon this sacred 
place. They were forced from it. (Tr. at 61-63, see also Hirst, 
Stephen, Havsuw 'Baaja: People of the Blue Green Water, referenced in 
Exhibit 10 to Responsive Statement). 


There is a tendency in the American society to equate religion 
with buildings, ceremonies, or services instead of beliefs and "Ways" 
of life. The First Amendment protects an individual's freedom to 
believe and prohibits the government from making any law which 
prohibits the free exercise of an individual's beliefs. 


It is clear from the record of this appeal including the 
Affidavit of four the individual Havasupai leaders, the transcript of 
the oral presentation to the Chief on February 25, 1987, and the 
enclosed transcript of oral presentation to you on May 14, 1987, that 
the Havasupai sincerely believe the Canyon Mine Site is a sacred and 
holy place. The Canyon Mine Site is a natural clearing north of Red 
Butte. It is the place where life began for the Havasupai (Tr. 15 at 
50). They observe, exercise, and practice religion at and because of 
the site. 
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The Mother who created the Havasupai is hurt or injured and the 
Child of renewal is fitful because of the activity of the mining 
company at this Site. -The Havasupai believe that she is disturbed by 
the trampling of people and other mining activity (Tr. at 59-60). 

When the Havasupai met with the Hopi in Tusuyan on August 28, 1986 to 
pray we were told that Energy Fuels drilling rig toppled during that 
prayer. When the Havasupai went to Washington D.C. to talk to the 
Chief of the Forest Service, boulders the size of automobiles fell 
into the school yard. These are signs to be Havasupai of the power of 
the Site. (Tr. at 45, 63-64). 


The Mine Site is the place where the Grandmother and Child meet 
to renew the Havasupai Spirit. The Havasupai meet the Grandmother at 
the site and go there to pray for the health and safety of the Child 
(Tr. 2-25-87 at 19-20, Tr. at 61). 


The evidence in the record is overwhelming that this is a sacred 
religious site for the Havasupai and that the mine will prevent the 
free exercise of their religion and destroy central and indispensable 
parts of that religion. The Forest Service, as a branch of the United 
States, cannot approve the Canyon Mine in violation of the rights of 
the Havasupai as guaranteed by the First Amendment to the Constitution 
and the American Indian Religious Freedom Act. 


Energy Fuels and the Forest Supervisor have spent a great deal of 
time and paper bemoaning that the Havasupai did not explain in detail 
the religious significance of the Canyon Mine Site and all other 
aspects of their religion at some other time than when they did. The 
aboriginal culture and religious practices of a people who have 
dwelled here for thousands of years are protected by the 
Constitution. The artificial time limits established by the 
regulations and the Forest Supervisor and the inane questions asked by 
Energy Fuels only underscore the vacuum of understanding upon which 
the decision to approve plan of operations is based. As Chairman 
Sinyella and Mr. Jack explained, these matters cannot be openly 
discussed at any time. The sanctity of the information must be 
preserved (Tr. at 54-55, 58-61). 


The Forest Service and Energy Fuels have steadfastly maintained 
that mining will proceed at this site. Yet, in light of this position 
the Havasupai have exposed their most sacred and holy beliefs to try 
to save the Mother. 


The Forest Service has the obligation to comply with all 
applicable laws and regulations and require Energy Fuels to comply 
with all laws and obtain all necessary permits prior to beginning 
activities. California Coastal Commission v. Granite Rock 
Company, U.S. , 55 U.S.L.W. 4366, (U.S. March 24, 1987). 
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To our knowledge the Forest Service has not consulted with the 
Intergovernmental Task Force established pursuant to 25 U.S.C.A. $1677 
to identify existing and potential operations related to nuclear 
resource development that affect or may affect the health of Indians 
on or near an Indian Reservation. This issue as not addressed in the 
Forest Supervisor's Responsive Statement. 


The Forest Service has never developed and considered 
alternatives to approval of the mining plan. The National 
Environmental Policy Act (42 U.S.C.A. §4321 et. seq.) requires both 
the "no action" and "worst case” scenarios to be examined and 
considered. Neither were other alternatives considered. 

Thus, the Forest Service has not adequately addressed the 
requirements of NEPA, nor has the Forest Service required Energy Fuels 
to obtain the necessary permits from the State of Arizona. 


After receiving the complete record on appeal it should be clear 
that the Forest Supervisor was in error when he approved the Plan of 
Operations. 

Sincerely, 


SPARKS & SILER, P. C. 


oe P. Sparks 
HAV-104997 


es Wayne Sinyella, Chairman 
Havasupai Tribe 


Leonard Lindquist 
Forest Supervisor 


F. Dale Robertson, Chief, Forest Service 
U. S. Dept. of Agriculture 


Ms. Mary Sojourner 
Canyon Under Siege 


James Mahoney, Co-Founder 
School of the Dancing Sun 


Ms. Lori Potter 
Sierra Club Legal Defense Fund 
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Phyllis Hogan, Executive Director 
Arizona Ethnobotanical Research Assn. 


Mr. Pat Willis, President 
Arizona Wildlife Federation 


Mr. Daniel Sosa, III = 
Tonantzin Land Institute N OI26 


Friends of the River 
Robert Lippman 
Colorado Plateau Rep. 
Mr. Bradford S. Cheff 
Mr. Ian Root 


Mr. Michael P. O'Connell 
General Counsel, Hopi Tribe 


Mr. Patrick J. Garver 
Parsons, Behle & Latimer 
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CABLE: “ARFOPRO" 


TELECOPIER: (303) 832-0428 1700 LINCOLN STREET 


TELEX: 882429 


ARNOLD & PORTER 


ONE UNITED BANK CENTER 1200 NEW HAMOSH. 25 avEN LE Now 
WASHINGTON. 5 2 20036 

202, 872-6705 
DENVER, COLORADO 80203 


303) 863-1000 


DONALD P. JUDGES 
DIRECT LINE: (303) 863-2302 


Date — ie 


S.Z., N.P 


September 28, 1987 


David F. Jolly 

Deputy Regional Forester, Resources 
Forest Service, Southwestern Region, R-3 
517 Gold Avenue, S.W. 

Albuquerque, New Mexico 87102 


Dear Mr. Jolly: 


I represent the Hopi Tribe. I enclose on the 
Tribe's behalf a Notice of Appeal, Statement of Reasons, 
Request for Oral Presentation, and Request for Extension 
of Stay appealing your affirmance dated August 28, 1987 
of the Forest Supervisor's approval of a modified Plan of 
Operations for development of a uranium mine by Energy 
Fuels Nuclear near Tusayan, Arizona. 


Thank you for your cooperation. 


_ Sincerely, i 


Donald P. Judges, 
Attorney for the Hopi Tribe 


Enclosure 


cc w/enclosure: 
F. Dale Robertson, Chief . 8 
Forest Service EN es 


Ree’d USDA-FS 
Deputy Regional F orester 
Resources 
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ng the Decision 


Southwestern Reg 
Forester Affirmi 
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) 
) 
) 
of the Kaicab National Forest ) 
Supervisor Approving a Modified ) 
Operating Plan for the Propcesed ) 
Canyon Mine. ) 
) 

The Hopi Tribe, ) 
) 

Appellants. ) Appeal No. 


NOTICE OF APPEAL, REQUEST FOR ORAL PRESENTATION, 
AND REQUEST FOR ZXTENSION OF STAY 

This Notice of Appeal and Statement of Reasons is 
submitted on behalf of the Hopi Tribe pursuant to 36 C.F.R. 
§ 211.18. The Hopi Tribe hereby requests that the Forest 
Service schedule an oral presentation on ail appeals cf 
the Decision of the Regional Forester in this matter anc 
joins the Sierra Club and the Havasupai Tribe in requesting 


that the stay currently in effect be extended at least 


until resolution of these appeals. 
SUMMARY STATEMENT OF REASONS 


The Hopi Tribe appeals the August 28, 1987 Deci- 
sion of the Regional Forester affirming the Forest Super- 


Fuels Nuclear's ("EFN") 


APPEAL DOCUFAENT 
CASE 


POSTMARKED 92 DP-F7 
neceveo /O-4-F7__ 


BY o> Ley 


visor's approval of Ener 


OCTCLise/ 
REG'ICN 3 
tands and Mrer2: 


proposed Plan of Operaticns, aS modizZ:ed sy tine 


Supervisor's Decision 


Oo 


£F September 26, i386, on th 


fFoliowing grounds: 


Ls The Forest Service's approval sf EFN's 
Canvon Mine provcsal impermissioly bur- 
dens the right of the members sf the 


Hopi Tribe, under the First Amendment 
co the United States Coenstitutisn, 
freely to exercise their rei:gisous 
beliets. The Forest Service's conclu- 


sion to the contrary is ovased tn a 


2 


faulty analysis both ctf tne tacts and 
applicable legal principles. 
2s The Forest Service has failec to satis- 


fy the requirements of the National ° 
Environmental Protection Act, 42 U.S.C. 
§ 4321 et seg. ("NEPA"), in that th 
Final Environmental Impact Statement 
("FEIS") is deficient in the following 
respects: 


a. Its investigation and analysis 
of impacts on surface and EN €599 
groundwater are inadequate; and 
the proposed mitigation mea- 
sures are insufficient. 


an The FEIS fails to give adequate 
consideration to the impact of 
the proposed Canyon Mine on 
Hopi religious beliefs and~ 
practices., 


Cis The FEIS fails to give adequate 
consideration to the cumulative 
effectg of the preposed Canyon ~ 
Mine together with past, present, 
Or reasonably foreseeable develop- 
ment in tne Kaibab and Coconino 
National Forests, on the environ- 
ment and on the Hopi Tribe's 
ability freely to exercise its 
religious beliefs. 


a. The FOES fails te give adequate 
SSASid@eratisa &4 the sepact en: che 
Hop. Tribe cf contamination re- | 
Suiting Crom an ore-truck spill, 
Paktlotzarly late fhe lAacs.e CSio= 
rade River. 

e. The FEIS falls to give acequace 
consideraticn to tne no-action 
alternative. 

S. The FEIS faiis to give adequate 


consideration «tc 
and mitigation 5s 
reclamation cont 


ft possible post- 
aminatioa. 


ene sicnitoring 


The foregoing reasons are discussed in detail 


below. 
BACKGROUND 


This appeal marks the final administrative step in 
EFN'sS campaign to exploit uranium resources in the Kaibab 
National Forest, within thirteen miles of the Grand Can- 
yon and six miles of Tusayan. EFN's proposal has met 
with considerable opposition and/or criticism froma 
variety of public and private sources, including the 
United States Department of Interior (FEIS, Appendix G at 
100-02); the United States Environmental Procection 
Agency (see letter of November 12, 1986 from Patricia 
Sanderson Post, Regional Environmental Officer to Leonard 


A. Linquist, Forest Supervisor, attached as an exhibit to 


tne Sierra Club appeal); tne Sierra Ciub; the Havasupa: 
Tribe; and the Hop: Tribe. 

The EavaSupai Tribe is the closest Native American 
tribe to the proposed mine site, which is witnin tnirty 
miles of their reservation and within their ctraditicnal 
use land. The Hopi Tribe's reservation is ninety miles 
from the site; but the proposed mine site lies in an area 
of religious significance to the Hopi Tribe and threatens 
several areas in the Grand Canyon that are extremely 
sacred to the Hopi Tribe. The religious significance of 
the site and the proposal's impact on the exercise cf the 
Tribe's respective religious beliefs are discussed below. 

Chief among the concerns raised by the opponents 
to the proposed mine are the risk of contamination of EN 
surface and groundwater; adverse impacts (including 
surface water contamination) caused by the haulage cof cre 
from the proposed mine to EFN's mill in Blanding, Utah; 
the adverse impact of the proposed mine on the free exer- 
cise of Native American religious beliefs; the impact of 
Mining operations on wildlife: and the Forest Service's 
failure to consider fully the cumulative impacts re- 
sulting from develcpment, including other uranium mines, 


of National Forest lands in the vicinity of the proposed 


C592 


Canyon Mine and tne Xa:dap-Coconino 
Grand Canyon regulon. 
Despite the fsregoing concerns, the Forest Super- 


visor approved EFN's proposed Plan of Uperazicns sn 


cm 
ee 
O 
| 
ub 
‘ 

J 
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September 26, 1986, subject to a few modifica 
Regional Forester affirmed the Forest Superviscer's DSeci- 
Sion on August 28, 1987. This appeal fol 

thirty-day time period provided by 36 C.F.R. 


§° 2hb2. 2816) (C2) 
STATEMENT OF REASONS 


l. Approval of the proposed Canycn Mine 
impermissibly burdens the free exercise 


of Hopi religious beliefs 


The proposed Canyon Mine site ilies in an area of 
long-standing religious importance to the Hopi Tribe; and 
the development of a uranium mine at the site threatens 
Hopi access to several sacred sites, which access is a 
central and indispensable part of the Hopi religion. The 
Hopi Tribe has long used the area in whicn the mine is 
proposed to be located for prayer and for gathering 
sacred herbs, plants, and animals that are necessary for 


use in Hopi religious ceremonies. Blue Spring, the 


ail, sites on tne Littie Coloraco 


Sipapu, and the Sait 
River approximately inirty miles From cne sriposed mine 


Site, have tne utmost religious significance for the Hcp. 


Tribe. 


The Regional Forester's Decision fails =o address 
the First Amendment issues raised by the dopi Appeal. 
Although that Decision acknowledges that the Hopi Trivde 
indeed challenged the Forest Supervisor's Decision on 
First Amendmenc grounds, the Regional Forester's "Com- 
ments," at pages 8-9 of his Decision, discuss the respec- 
tive claims of the Havasupai and Hopi Tribes as though 
they were identical, which they obviously are not, and 
really responds oniy cto the Havasupai claims. The Re- 4 
gional Forester's "Comments" thus reveal a failure to 
consider the Hopi Tribe's First Amendment claims on their 
own terms, a shortcoming which nas characterized these 
entire proceedings, 2/ and is itself sufficient grounds 
l/ The cultural bias that has infected =hese sroceedings 
is most evident in the Forest Service's treatment 3f che 
Havasupai Tribe's religious claims. Despite testimony in 
the cecord from tribal Leaders that development sf tne 
proposed Canyon Mine would have grave consequences for 
central aspects sf Eavasupai faith, the Forest Service 
chose to deny the validity of davasupai beliefs. The im- 
pression conveyed by the record in this proceeding is 


that the Forest Service finds Native American religious 
(continued ] 


For reversal. Because ine Regicnal 


Both the Supreme Court and Congress nave rade it 
abundantly clear that an approach Such as cnac 7 taxen 9, 
the Forest Services iS inGonSistent with che srineisies 
emoodied in the First Amendment. The Supreme Court's 
comments concerning judicial consideratisa oF teiiescus 
questions apply with equal force to tne administrative 


process: 
The determination of what is a "religious" 
belief or practice is more often tnan not a 
Gifticuls and delicate task ...s s« How 
ever, tne resolucion of that question is not 
to turn upon a judicial perception of the 
particular belief or practice in question; 
religious bDeiiefs need not be acceptandle, 
logical, consistent, or comprenensidle =9 


others in order to merit rirst Amendment 


protection. 


Courts should not undertake to dissect 

religious beliefs because the believer EN €595 
admits that he is "struggling" with his 

position or because his beliefs are not 

articulated with the clarity and precision 

that a more sophisticated person mignt 

employ. 


Intrafaith differences of that kind are net 
uncommon among followers of a particular 
creed, and the judicial process is singu- 
larly ill equipped to resolve such difler- 
ences in relation to the Religion Clauses. 
One can, of course, imagine an asserted 
claim so bizarre, so clearly nonreligious in 
motivation, as aot to be entitled to pro- 
tection under the Free Exercise Clause; but 
that is not tne case here, and the guarantee 
of free exercise is not limited to beliefs 
whicn are shared by all of the members of a 
i continued ] 
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to respond to the Fi <c Amendment 
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Hopi appeal, wing discussicn: 


eH mar 


on the record developed before tne 


The proposed mine seriousiy threatens 
of Hopi religious beliefs in numerous ways. AltaAcugn 


each aspect of <nis probiem aiready has been 


the Forest Supervisor and Regisnal Forester, 


been adequately considered in their 


religious sect. Particularly in this 
tive area, it iS not within the tudicial 
function and judicial competence to inquire 
whether the petititoner or his fellow worker 
more correctly perceived the commands of 
their common faith. Courts are not arbiters 


of scriptural interpretation. 


Review Board of the Indiana Employment Security 
450 U.S. 707, 714-16 (1981) (notes and cita- 
emphases added). 


Thomas v. 
Division, 
tions omitted; 


through the American Indian Religious Freedom 
1996 ("AIRFA"), clearly nas directed 

to acccerd the same respect to Native 
American religions as is “enjicved by tne mcre powerful 
religions." S. Rep. No. 709, 95th Cong. 2d Sess. 6, 
reprinted in i978 U.S. Code Cong. & Ad. News 262. At 
the very igast, AIRFA (no iess than the First amendment 
itself) prohiodits an agency trom denying First Amendment 
protection to Native American religious beliiers simply 
because an agency does not find them "acceptable, Logi- 
cal, consistent, or comprenensible .... , 


Congress, 
Act, 42 U.S.C. § 
government agencies 
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1. Impact on p 
ng a 


acherin 


under Alternative 5, wouid preclude importante Hop: cere- 
monial gathering and orayer activities in tne area sur- 
rounding the mine site. The Forest Service response -:s 
that only thirty-two out of 325,000 acres 
ably be made unavailable for either plant cr animal 
gathering with minimal impact on these accivities."” Re- 
sponsive Statement For Canyon Uranium Mine Appeal, Kalbao 
National Forest at 33 (Feb. 1987) (hereinafter "Respon- 
Sive Statement"). 

The Forest Service's response understates the 
practical impact of the proposed mine on Ycpi religisus 
activities. Hopis wiil steer far clear of the proposed EN 
mine site if uranium is allowed to be mined there, to 
avoid the risk of personal contamination as well as to 


avoid gathering plants and animals that may have oeen 


contaminated. The area thus precluded therefore is mucn 
more than thirty-two acres. Justification for Hopi fears 
can be found in the deficient consideration given in che 
FEIS to the risk of contamination, discussed below in 
Section 2 of this Statement of Reasons. Moreover, the 


Forest Service's response overlooks the cumulative impact 


cf other mining activity in the Grane Canyon reqion ana 


ether develcpment in the KaibadD and Cccsnint “iaticnal 

rorests. That comission pervades the Fina. invironmental 

Impact Statement and is discussed Delow in cconnecticn 
NEPS 


with the Forest Service's non-compiiance witn 
ii. Impact on sacred sites 


The proposed mine aiso directly threatens tnree 
Sites of great religious significance to the Hopi Tribe: 
Blue Spring, the Sipapu, and the Salt Trail. Blue Soring 
is fed by the Redwall-Muav aquifer, which lies directl 
under the proposed mine shaft. Contamination of the 
Redwall-Muav aquifer also would ccntaminate 83lue Spring 
and would deny Hopi access to a site of great religicus 
importance. "The Sipapu is the place of emergence cof the 
Hopi into this world and is one of the most important 
religious places for the Hopi.” Affidavit of Walter 
Hamana, FEIS, Appendix G at 68. Both the Sipapu and the 
Salt Trail lie downstream from Blue Spring on the lower 
Little Colorado River. All three sites thus lie directly 
in harm's way: Blue Spring :s at risk of being contami- 
nated by radioactive groundwacer from the Redwall-Muav 
aquifer; and the Sipapu and the Salt Trail are exposed 


both to groundwater contamination by the Redwall-Muav 


cbr) 


aquifer discharged from Biue Spring and "Ss surface water: 


contamination resulting either from a 7:2.2a5e at the Tine 


[Ss 


O 


Site or from an ore-truck spil? into tne Little Colorado 


River, which intersects tne haul ccute aiternative adcores: 


Neither the Forest Service nor EFN has questicned 
the religious significance of Blue Spring, =he Sipapu, or 
the Salt Trail to the Hopi Tribe. There is no finding, 
nor any evidence to support one, that contamination cf 
those sites would not destroy a central and indispensable 
aspect of Hopi religion. Instead, the Forest Service 
bases its Decision on an inadequate factual basis and on 


faulty legal premises. 


i. Inadequate factual analysis a 
EN 03939 


The Forest Service' conclusion that che risk of 
surface and groundwater contamination is within accept- 
able limits is not supported by the evidence presented in 
the FEIS, which is itself based cn an inadequate study cf 
surface and groundwater impacts. The Forest Service nas © 


seriously understated the risks of surface and ground- 


water contamination and has cverstated the efficacy of 


tne propcsed mitigation measures. These dericiencies : 


the FEIS are discussed below in Secticn 2 if <nis Statre- 


The Forest Service's consideration oF the reli- 
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ious freedom issues at stake also proceed 
eous legal premises. The Decisions of =ne 
Supervisor and the Regional Forester therefore do not 
adequately consider the legal obligations and authority 
@f the United States, and accordingly must de reversed 
and remanded for reconsideration. 

First, the Responsive Statement maxes the aston- 
ishing assertion that Forest Service approval cf the 
development of National Forest lands "can not be con- 
strued as government.action." Responsive Statement at 
32. That statement is consistent with the statement that 
immediately follows, to the effect that the Forest Ser- 
vice lacks authority to disapprove a proposed Plan of 
Operations. Id. The Forest Supervisor's Decision thus 
was based on complete ignorance of his obligation *2 act 
in accordance with the United States Constitution. The 
Regional Forester attempted to "clarify" tne latter 


statement by stating that the Forest Service has 


authority co deny inreasconap_e" F.lans of Gperations. 
Decision Of Regicna. Toraster at Le 4S mentioned abcve, 
newever, the Regitna. Forester failed to consider dep. 


Pitst AMENGMENnE CualmMS in Sis Decision: and *e shvisusi+ 


did not remand t 


O 


“ne 
reconsideration in tne Light of chat consiceracticn. 

The Forest Service cannot nave it bortn wavs. The 
Yopi Tribe agrees that the Forest Service nas autnorizy 
to disapprove Plans of Operations; indeed, <=ne Trioe 
urges that the Forest Service has an cobiigation to do so 
in this case. That autnority clearly gives rise to 
government action sufficient to invoke the protection of 
the First Amendment.2/ In the first place, it is clear 


that "(t]he government must manage its land in accordance 


Lal 
i) 
Q. 
ly 
ul 
~ 


with the constitution." Wilson v. Block 708 
744 n. 5 (D.C. Cir. 1983), cert. cenied, 464 U.S. 956 
(1984). Moreover, "{glovernmental action that makes 
exercise of first amendment rights more difficult or 


impedes religious observances may also be ‘invalid even 


though the burden may be characterized as being only 


2/ The assertion in the Responsive Statement of no 
government action obviously is contradicted by the Forest 
Service's Decision to prepare an EIS, which is required 
by NEPA when the government undertakes “major Federal 
actions." 42 U.S.C. § 4332(1l)(c). 


iN 
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indirect. ' Sherbert v. Verner, 374 5.S. at 494 . 


(quoting Braunfiele ¥. Srown, 366 ©.S. 379 « « « *i962) 

(plurality opinion)) .. . ." Northwes:s ia2s:an Cemerery 
Protective Ass'n v. Peterson, 795 F.2d 688, 393 (9th Tic. 
L986), cert. granted, U.sS.  » i107 Geet. sO¥e .aB87), 


It should go without saying that the executive oranca c 
government, no less tnan the iegislative or iucicial 
branches, iS sworn to upnold tne Constitution of the 
United States. 

Second, the Forest Service has miscnaracterized 
the Hopi Tribe's position. The Hopi Tribe dces not 
demand a "categoricai" approach to the orcsblem. See, 
@.g., Responsive Statement at 32. Quite t5 the contrary, 
throughout these proceedings the Hopi ide consistently 
has urged the Forest Service to fulfill its constitu- 
tional responsibility to balance the competing First 
Amendment and government interests at stake. The Forest 
Service, with equal consistency, has refused to accept 
that responsibility, falling back itself sn the "cate- 
gorical” but irrelevant assertion that "the Forest Ser- 
vice is not required to protect Native American religicus 
practices or beliefs to the exclusion of all other land 


uses ... .”" Regional Forester's Decision at 14. 


EN 


The Hopi Trice has never sugces 72d chat tne 


Service reserve the land at issue in tnis case frr ine 


Forest Service act cesponsibiy to orotect the 
constitutional right cto its religious practices and 


beliefs. The Hopi Tribe has explained above tne ie 


Wi 


cilencies in the factual basis for the Forest Service’ 
conclusion that no Hopi religious beliers or oractices 
are Significantly prejudiced. Of course, if a compelling 
government interest exists to justify the intrusion on 
Hopi religion, current judicial interpretation cf tne 
First Amendment requires that religion yield. But the 
Forest Service has never even considered whether a com- 


ia 


pelling government interest exists.2’ The Forest Ser- 


vice's erroneous conclusion that no Hopi religious 
beliefs and practices will be significantly impaired, and 
its failure to balance the harm to Hopi religious inter- 


ests against the government's interest in approving the 


3/ Indeed, the Forest Service nas not even examined 
whether the proposed Canyon Mine constitutes a "valuable" 
mineral deposit, under the 1872 General Mining Law, or 
whether the prceposed mine will oe sufficiently profitable 
to cover the costs of mitigation and reciamaticn. The 
only evidence in the record, the State of Arizona's dis- 
approval of two EFN proposals to mine uranium on nearby 
state land, suggests the contrary. See the discussion at 
point 2 of the Sierra Club's Appeal to the Chief. 
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Sréposed Plan of Ooerarions, requires reversal 22 she 26- 
gienal Fforester*s Decision anc TSfaic,. Tis Lrecroms i oerasics 
of these crucial issues. 

Finally, the Responsive Stacement's concliasicn 
that the establishment clause of ctne Firsce Amendmenc sire- 
Cludes protection cf Hopi religicus interests rests in 
the erroneous premise that the Hopi Tribe has advanced a 
"Categorical" approach, as discussed above; and ic re- 
flects a misunderstanding of the law in this area Jis= 
approval of the proposed Plan of Operatisns wouid not 


cause the Forest Service to 


sponsor or to become entangled in vreligisus 
matters in violation of 
clause. Nor is the Forest Service oeing 
required to police the conduct of 

to prevent their interfering with 
religious observances, a proposal 
in Badoni v. Higginson, 638 F.2d 
(LOth Cir. 1080), cert. denied, 
954 . « « (1961). 


L172, 


452 0.8. 


Moreover, managing the Natonal Forest so as 
not to burden genuine Indian religious 
beliefs and practices is act an endorsement 
Or advancement of that religion but evi- 
ences a policy of meutrality. See Walz +. 
Tax Commission of New York City, 397 U.S. 
664, 669 . . . (1970). The Constitution 
encourages accommodation, not merely toier- 
ance, of ali religions and forbids nostiiic; 
toward any. See Lynch v. Donnelly, 465 U.S. 
668 . . . (1984). 


® 
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Once a vislaticn of tne free exertise clause 
has 2CSGrred, as Mere, an efEecsiva roneiv 
MUSE Ae@CesSSarist Bake HNe sretecsad reii- 
GisuS eyaretse sats acest cnt. Sut® & terecdy 
sugnt act be condemned as a viodlatictn tf thre 
esrablismmeant clause by too lateraciy 
apolying che “secular purpose" and “ortimar 
ertisc=" =ssits of Lemon %.,. Kurtetaa, <33 2.5 
602, 612-13 ..«. « (L971). Accommodatirtg ins 
Eree exercise of religion is a vaiid gocpose 
of governmental action, and promocicn <r 
that i.derty is a cermissibdle primary 
effect. See Wisconsin v. Yoder, 306 U.S. 
203, 234 As 22 « = « 42972)% Shervess =, 
YJerner, 374 U.S. 398, 409 . . . (2.39633 
Zocacn v7. Clauson, 343 U.S. 306; 314 

(1952). Therefore, "wnere governmental 
action violates tne Free fxercise Clause, 
the Establishment Clause ordinarily cdces act 
bar judicial relief.“ Nilson vw. Sicen, 708 


F.2d at 747. 


Northwest Indian Cemetery Protective Ass'na.v. Peterson, 
supra, 795 F.2d at 694 (empnasis added; paralle. cita- 
tions omitted). 

2. The Forest Service has failed 


to comply with the requirements 
of NEPA 


a. Impacts on surface and _— 
groundwater (2/ 
The treatment in the FEIS of possible surface and 
groundwater impacts I[@aves unanswered too many crucial 
questions to satisfy the Forest Service's cbligation 
under NEPA that the agency set forth "sufficient informa- 


tion to enable the decisisonmaker to consider the 


ye Ass'n v, Derarscsn, 


1085, 1096 (8th Cir. 1982) (citations cmictead). The 
investigation is insufficient to support ine stonclusicn 
that no substantial contamination isk 241375, 7n2 analy- 
Sis of the evidence in the record is defective, and tne 
proposed mitigation measures fail to provide cne assur- 
ance of protection ascribed to them. The FEIS was re- 
viewed oy hydrolcgist Jonathan E. Jones, 3.E., Vice 
President of Wrignt Water Engineers, who nas raised 
serious questions about key aspects of the investigaticn, 
dnalysis, and conclusions concerning surface and ground- 
water discussed in the FEIS -- most of which concerns 
have been raised throughout these proceedings. His 
comments and resume are attached as Exhibit A to this. 


‘ 


Statement of Reasogs.. 


(i) Surface water = 
—— =e e 


The key components of the surface water control 
Strategy discussed in the FEIS are subject to serious 
question. The Forest Service relies entirely on the 
Strength of the berms proposed for the site perimeter and 


the holding ponds and 2n assumptions about surface water 
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Elow derived from cbservance of a singi2 thunderstorm ina 
ees 


the area in 1984. 
Foe Gree ti) sree. 

The adility of the perimeter berms, as propcesed in (© 
the FEIS, to provide sufficient protection is doubtful. 


The system is based on a 3500-year event for the perimeter 


berm and a l00-year event for the nolding ponds, as <co- 


posed to the more prudent "probable maximum flcod"” design. 


There is no evidence in tne record that a qualified engi- 6) 
neer with dam-design expertise has considered the ade- 
(ID, 


quacy of the system; and the EIS contains littie deta. 


mom 


o-SLEE 


concerning berm design and the suitability so 


materials for berm construction. Yet the perimeter berm 


ct 


is being called upon to perform the functicn of a dam; 1 
is expected to withstand a 500-year event in an area of 
moderate seismicity. 

The inadequacy of,the proposed berm system is 
obviousw# The FEIS contemplates a dike built of iocose 
topsoil taken from the mine site, covered with loose rock 
fragments also taken from the site. The proposed riprap 
can hardly be expected to provide sufficient protection @ 
against the erosive and scouring action of high-velocity 


surface flow against the fine-grain ctcpsoil, especially 


on the upslope side. The FEIS does not consider the need 
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for a protective zone of ccarser-grain material, such as 
gravel, between the riprap and the lccse “ctcsctii. 

The proposed nolding-pond system aiso is inade@& 
quate.. Tne six acre-foot pends are too small’cts contain 


ter th 
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Cipate. This 1s especially true if the mine shafrc en- 
counters any appreciable groundwater. The FEIS fails =9 
discuss the pond freeboard@ and it coes not take into ac- 
count the effects cf wind and chunderstorm sn the ocnds 
integrity or capacity. 

Beyond the likelinocd of a surface-water release, 
the FEIS also improperly minimizes the consequences of 
such an event. As the Environmental Protection Agency 
Stated in its letter of November 12, 1986, the Forest 
Service's assumptions and conclusions ccncerning the 
Critical question of sediment transport oy surface water 
constitute a "Serious error" that is "indefensible." 
Further, the Forest Service acknowledges that "{nlormal 
Spill removal techniques may not be effective for an 
accident which spills ore into flowing surface water." 
FEIS at 4.28. Despite the disastrous consequences to tne 
Hopi religion of contamination of the Little Colorado 
River, the Porest Service brushes the problem aside by ¢ 


«characterizing the risk of a spill into the Little’ 
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Colorado River as "rem@t@*r nd by asserting -- without 
any evidence to support the conclusion -- that any ” 
centamination caused by dumping twenty tons of radio- 
active ore into the river “wouid pe diluted below measur- 
able levels before reaching any sensitive areas." FEIS, 
Appendix G at 70. 

Finally, =zhe assumption that EFN effectively can 
clean up contaminants once a surface-water re.ease nas 
occurred is contrary to commen sense. Once re_eased, 


surface water from the mine site could conta 
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area so large that it would take an army cf workers =9 @) 
locate and to remove all contaminated material (the con- 
taminants of which would not necessariiy be confined to 
uranium and uranium daughters). And even if such a her- 
culean feat could be accomplished, the FEIS fails to 


consider the hydrologic trauma to the National Forest 


lands and beyond that the removal process would cause. 
(ii) Groundwate® 


First, the FEIS minimizes the risk of contamina- 


mom 


tion to the Redwall-Muav aquifer. The proposed Plan s 


m 
hy 
Z 


Operations, as modified, provides no assurance that 
will maintain a 900-foot buffer zone pdetween the bottom 


of the mine shaft and the top of the Redwall-Muav aquifer. 
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Drevent contaminat:icn .3s doub=ful. Layers of mucn Lless- 
permeable substrata nave failed to contain contaminated — 
water: For example, contaminated water rsacned an acui- 
fer at the uowry tandfill sutside of Denver, Colscrad> 250 
Feet below the surface after passing tnrough claystcne 
and siltstone substrata with sand lenses -- a buffer 
material of exceedingly low permeability. 

Similarly, groundwater at the mine site can be 
expected to seep into the mine shaft, percolate dcwn 
through cracks in the shale, sandstone, and Limestone 
layers, and reach the aquifer. That process naturally 
will be accelerated by the increased fracturing ct =ne 
limestone surrcsunding the mine snafts caused oy tne 
blasting and excavating necessary to sink =he shafts. in 
addition to discounting the risk of contamination, the 
FEIS also fails to addresgf the nature of potential con- 
taminants other than uranium and uranium daughters, such 
as Other toxic metal¥. And the assumption in the FEIS 
that EFN can keep all of the water pumped out of che 
bottom of the mine shaft at all times to preclude the 
Opportunity of downward percolaticn simply is unrealis- 


CLC. 
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Second, the FErIS's treatment cr scotential snaiiow 
groundwater contamination is unacceptable. The Forest 
Service’s conclusion that the risk sf groundwater con- 


tamination is within acceptable limits res =s entirely cn 
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evidence developed by EFN and its c 
sists of a study of existing wells, seeps, and sprinc¢s 
and whatever coincidental data that emerged frim tne crest 
borings to study the ore deposit and <=ne sinking sf a 
Single so-called "“meonicoring/supply wei." Phe Forest 
Service has conducted no independent hydrogeolcgic analy- 
Sis of the proposed mine site, such as the use of 
"eracers" or the sinking of other exploratory wells, 
which would have provided important data concerning sub- 
strata Fracturing, permeability, and groundwater flow. 

The Forest Service's failure to conduct any inde- 
pendent drilling of the site also casts considerabie 
doubt on the validity of the conclusions in the FEIS con- 
cerning impacts on shallow groundwater. The FEIS bases 
its conclusion of negligible risk on the assumption that 
shallow groundwater exists in only pvercned, discontinuous, 
low-volume lenses, witn little chance orf contaminating 
principal water supplies. The validicy of tnat assump- 
tion is called into question, however, by the Siyenella 


Spring, located on the other side of Cataract Canyon but 
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subject to similar nyadrcaecicgy, which prccuces a sub- 
Stantial amount of water from shalicw aquifers, and by 
the data in the FEIS that water stcred in discontinucus 
sections of the channel alluvium perco.ates dcwnward 
through fractures in the limestone, constituting an 
important recharge medium. 

In addition, the FEIS fails to take into account 
the risks to shallow groundwater posed by activities at 
the site. For example, the FEIS does not consider either 
the risks of liner degradation and failure (a common 
occurrence in holding ponds) or the effects of leaching 
through breaches in the liner of the contaminants that 
will concentrate in the bottoms of the holding ponds. 
Although a considerable quantity of contaminated material 
extracted from the shafts will be stored at the site, the 
FEIS fails to consider the effects of rainfall on stock- 
piled. waste, the need for impermeable liners to prevent 
leachings through the waste pads, or the risk of damage 
to the holding-pond liners if waste runs into the ponds 
and must be scraped out with earthmoving equipment. 
Moreover, the annual recharge-rate assumption of 0.3 
inches in particular is suspect; for it fails to consider 
the effect of topsoil excavation at the site, which could 


increase the recharge rate in dangerous proximity to 
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concentr 
rd, tne proposed mitigation measures are im- 
practical. (che Forest Service's reliance on a single 
monitoring well cs warn of contamination sft the Redwall- 
Muav aquifer is inadequate, particulariy in the lignt sf 
the Forest Service's statement that "(dlata do noc exist 
to allow for an exact determination of the direction sf 
groundwater flow in the Redwali-Muav aquifer at the mine 
Site area." FEIS, Appendix G at 104. However frequently 
the Redwall-Muav aquifer is monitored, substantial con- 
tamination is likely to occur before it is detected. The 


notion that contaminants can be removed by oumping 


through the monitor/supply well is unrealistic. Whether 


Q. 


any pumping measures can cleanse the large regional deep 
aquifer is doubtful; and the five-gallon-per-minute pump 
proposed for the monitoring/supply well hardly can be 
expected to produce appreciable results. Further, the 
assumption that contamination will be diluted to negli- 
gible levels by the time the deep aquifer discharges at 
Blue and Havasu Springs rests on tco many uncertainties 
to dismiss the problem, considering the sericusness of 


the consequences of an adverse impact. That assumption 


is further called into question by the insufficient 
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which does 


measures for 


monitoring wells 
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Tbs 


gicus concerns by the 


above, not only vio.ates 


the First Amendment’, out 


Although the FEIS refers 


it understates 


concerns, 


pages 
ao 


rovide an adequate baseli 


(especially around the Acid: 
n religious concern 


ompacts © g s 


inadequate consideration given * 
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religious practices and beliefs. 


ing 


st Service, 


Ss =-- only two occa- 
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As discussed above, 


FEIS inadequately treats the issues of surface and 


groundwater contamination and therefore concludes without 


an adequate factual basis that sacred Hopi sit 


not be impacted by the proposed mine. 


Cc. 


The FEIS's treatment of cumulative impacts : 


insufficient. First, 


Study the cumulative impacts 


sonably foreseeable uranium mining in the area. 


the 


Cumulative impacts 


S$ aiso 
Forest Service nas refused to 
of past, present, and rea- 


The 
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Fores: Service Ce@Sts itS SeCcisi3n E25 CSkgs mMeansageut 
o bj 
consi¢geratiaon sf cumulative impacts on its 20n2.7S.25 “24 


languace taken from Pesniaki v. Duncan, 376 F. Supp. 
1247, 1258 (D. D.C. 1979), to the effect trat the Frrest 
Service must oOrepare a regional EIS inivy wnen (1) “there 
is a comprenensive federal plan for ine aeveicoment oF a 
region," or (i1) “various federai actions in a regisn 
nave cumulative or svnergistic impacts on a region. 
Quoted in Southwest Resource Council, 396 IBLA i05, 116-17 
(Marcn 10, 1987). Based on tne "absence of any conclu- 
Sive indication as to the locations cof future mines, 
the Forest Service has concluded that "it is, and would 
be, totally speculative and conjecturai ‘5 estimate the 


impacts from such mines." Regional Forester's Decision 


ae i3. See PEIS at 1.9 to 1.10. The forest Service 
therefore declined to prepare a regicnai EIS, and ccn- 
Fined its cumulative impacts analysis to two hypothetical 
scenarios: (i) one additional mine in the Tusayan area 
near the proposed Canyon Mine; and (ii) three additional 
mines in Coconino County south of the Grand Canyon. 

The Forest Service's treatment of this issue is 
inadequates As the EIS acknowledges, numerous mining 


claims have been located in the Tusayan area; and many 


more have been located thrceugnouc the Grand Canyon: 
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into mines, it does <now wnere the claims themselves are 


located and itv’admittedly regards additional mineral 


om 


development in the area as likely. The Foresc Servic 
made no effort to consider reasonably foreseeable 

development of those claims, dismissing such an effort as 
"speculative and conjectural." The uncertainties o 


speculation and conjecture, however, did nec deter the 


Forest Service from seeking to fulfill ics soiigatisn co 


mn 


consider cumulative impacts by relying cn 
scenarios.” See FEIS at Chapter 4. 
Rather than devising hypotheticals that tend tc 
Support the Forest Service's conclusions, an adequate 
analysis of cumulative impacts would have considered the 
reasonably foreseeable mining activity likely to emerge 
from actual located claims, of which the Forest Service 
presumably is well aware. Under the Forest Service's 
approach, EFN and other mine operators can avoid sub- 
jecting the cumulative impact of their activities to 
scrutiny simply by timing their proposed Plans cf Opera- 
tions so that only one proposed mine is before the Forest 
Service at a time. The Forest Service's repeated reli- 


ance on the conclusion of negligible localized impacts, 
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impacts, obscures the fact that what is at staxe 15 
widespread mining and hancling of a petential.iy i2Kx.c 
substance that is a scurce of tremendous oudlic concern 
in the vicinity of one of our nation's greatest Aaticonas 
treasures. 

It is entirely reasonabie, and reflective of good 
Stewardsnip, ior tne Forest Service to examine the over- 
all impact on Nacional Forest lands of what clearly is an 
extensive and continuing pattern of mineral exploita- 
tion. And, given the deficiencies in the analysis under- 
lying the conclusion of negligible iccalized impact in 
the Canyon Mine FEIS, it appears that reasonably foresee- 
able mining activity in the region dces have a synergis- 
tic impact. 

Second, the consequences of the Forest Service's 
microscopic perspective are particularly acute for the 
Hopi Tribe. By concentrating exclusively on the locai- 
ized impact of eacn development in the Kaibab and Coco- 
nino National Forest, sucn as the Bill Wiiliams and San 
Francisco Peaks ski areas and acw the proposed Canyon 
Mine, the Forest Service has failed to consider ade- 


quately the cumulative erosive effec®8 of such development 
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. 


on Hopi religion and culture. ACecrdinag =o the Fores 


D 
wa 


Service, any given develcpment remcev 
percentage of total acreage availabie «72 “ne Hopi Trive. 
The Hopis., hcwever, see quite cieariy that gach develop- 
ment brings them one step closer to suffering the annihi- 
lation of their religion and culture -- a fate long ago 
inflicted on most other Native American tribes in the 
Southwest. 


opis would not pe the oniv oersons affecced : 


4 


ra 


such a result were allowed to occur. The cistinct:ve 
Native American cultures indigenous tod norcnern Arizcna, 
such as the Hopi and Havasupai Tribes, are a valuabie 
resource. The economic impact of their loss would be 
felt well beyond the confines of the Hopi or Havasupal 
reservations. The FEIS wholly fails to consider any cf 
those effects. Instead, the FEIS merely refers vaguely 
to the Environmental Impact Statement for the Bill 
Williams Mountain Ski Area. FEIS at 3.59. That EIS, 
however, follows the same tunnel-vision approach as does 
the FEIS for the proposed Canyon Mine. The Larger pic- 
ture goes completely unseen. 

An additicnali, more specific aspect of the Forest 
Service's failure to consider cumulative impacts involves 


the impact of ore hauling on the Hopi village of* 


Ferester, includes an ore-haui route that passes through 
Moenkcpi. Residents of Moenkopi already are forced to’ 
contend with radioactive contamination from a uranium 
mill tailings dump, which has contaminated groundwazer 
and is emitting radon gas, and with trucks hauling 


uranium ore from other mines in the Grand Canyon area. 


O 


The FEIS faiis to consider tne cumulative effecc sf an 
ore spill on the level of exposure already experienced dv 


the Moenkopl residents. 


d. Ore dispersal 


crest Service's response =5 the question cf 
ore dispersal is inadequate. The Forest Service relies 
on two so-called "mitigation" measures -- promises from 
EFN that it will cover its ore trucks with tarpaulins and 
that it promptly and completely will clean up any spill. 
In effect, the Forest Service concludes that no ore will 
escape. Apart from the possibility of surface-water 
contamination resulting from a spill into the Little 
Colorado River or during a rainstorm, as discussed above, 
the Forest Service's treatment cf the dispersai issue 
fails to consider the impact of, and EFN's practical 


ability to clean up, even the most obvious eventuality of 
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truckloads of radioactive cre, have nc idea, ftr 2xamp-e, 
what! dispersion of radionuclides is likely to occur under 
typical wind conditicns were a tarpaulin to blow off an 
ore truck traveling at the posted speed limit on U.S. 


Route 160. 
e@. No-action alternative 


The Forest Service has not given adequate con- 
Sideration to the no-action alternative. The requirement 
that an agency consider alternatives is Dasic =c the NEPA 
process, and it applies independently of the questicn 
whether an EIS must be prepared and applies even if the 
agency finds no significant impact from the proposed 
action. 42 U.S.C. § 4332(2)(e); River Road Alliance v. 
Corps of Engineers of The United States Army, 764 F.2d 
445, 452 (7th Cir. 1985), cert. denied, 106 S.Ct. 1283 


(1986). 
The FEIS discusses a so-called "no-action alter- 
Native," but fails to consider it as a viable option. 


The "no-action alternative" is introduced as a "baseline" 
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against which the rea. aiternmatives, 2 Inrsugn 5, are 
evaluated. AS discussed above, it 15 adDdarent that ine 


ad 


approval wou.d violate the United Staves Tonstituticn. 
The entire r£IS thus was prepared and finalized based on 
that misunderstanding. The Regional Forester's post hoc’ 
attempt to "clarify" che issue is no substitute for 
informed and detailed consideration cf a ac-acticn aiter- 
fative in the FETS; and 1t highlights the 
visor's Original error. The proper course, "mandated by 
NEPA," would have been -- and is ncw -- =c remand for 
preparation of a supplemental EIS on the no-action alter- 


Mative. Getty Oil v. Clark, 613 F. Supp. 904, 920 (D. 


wyo. 1985). 
£. Post-reclamation effects 


Finally, the FEIS is silent on a most critical 
issue: what is to happen once EFN has pulled out? The 
FEIS assumes that EFN will restore the mine site; Sut it 
fails to discuss how important hydrologic characteristics 
will be restored, sucn as ground cover, scil, permea- 


bility, and contaminant immobilization mechanisms. No 
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consideration is reflected in tee FESS oF dhitigulties ts 
successful reclamation, such as heavy-equlipmen t movement: 
on the site, introduction of non-native contaminancs 
(@.g., Oil, gasoline, ethelene glycol, soivents, 2t2.), 
removai o£ topsoil, and stockpiling cf contam:inan 
The FEIS makes no provision for monitoring grsund- 
water or surface-water contamination once the mine is 
closed. The FEIS assumes that no Significant leaching 
will occur down to the Redwall-Muav aquifer from backfill 
into the minesnaft. tet evidence in the record shows 
that small amounts of radionuclides, presumably from the 
Canyon Mine breccia pipe, already reach the deep aquifer 
and are discharged at Blue and Havasu Springs. The pro- 
cess of mining and backfilling obviously will dislodge 
and break up ore fragments, thereby increasing the sur- 
Face area of radioactive material and will fracture the 
Surrounding Limestone, which in turn necessarily will in- 
crease the rate of leaching. The FEIS has not studied 
this problem, and no means =o monitor or to mitigate its 
impact are even discussed. instead, tne FEIS concludes 
that no significant contaminat:on will cccur, based on 
assumptions about the characteristics sf the breccia pDipe 


formation in its unmined state. Handling sf radioactive 


materials is plainly a long-term problem requiring: 
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Considerabie foresight and clanning, yet the FEIS has not 
taken into account reasonably foreseeable contingencies 


only five to ten years nence. 
CONCLUSION 


For the foregoing reasons, the Hopi Tr:ode requests 
that the Chief of the Forest Service reverse the Decisiscn 
of the Regional Forester and remand for oreparaticn cf a 
supplemental EIS that gives proper consideration =o the 
Matters raised by this appeal. Because =nhe sinking of a 
mineshaft would cause irreparable marm tc the interests 
discussed above and would render the Hopi Tribe's right 
to an appeal meaningless, the Hopi Tribe also requests 
that the stay currently in effect be extended at least 
until disposition by the Chief of all appeals in this 
matter. 


Dated September 28, 1987. 


Respectfully submitted, 
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September 28, 1987 


Mr. Donald P. Judges 

Aimold and Porter oN - 
One United Bank Center LN CE6Z7 
1700 Lincoln Street 

Denver, CO 80203 


Re: Review of Final Environmental Impact Statement - Canyon Uranium Mine 
Dear Donald: 


At your request, we have Briefly reviewed the August, 1986 Final Environ- 
mental Impact Statement (EIS) for the Canvon Uranium Mine with respect to 
ground and surface water impacts and mitigation measures. We have con- 
ducted this review under tight time schedule and have not conducted the « 
magnitude of review that is normally associated with a major Environmental’ 
Impact Statement. Accordingly, the opinions, concerns and questions that 
we raise in this letter are subject to modification as this matter evolves. 
or ‘upon closer inspection of the multiple documents that vou provided to 
us. 


A strength of the Canvon Uranium Mine EIS is the consultants who were in- 
volved with its preparation. We have worked with Charles F. Leaf on a num- 
ber of occasions and have considerable respect for this work. Errol L. 
Montgomery and Associates, Inc. is a respected consulting firm that per- 
forms credible work. 


We presume that these firms are — principally responsible for the 
water-related sections of the EIS and we find that they have identified 
potential ground and surface water quantity and quality issues. 


The following questions/comments mebareig certain issues represent our 
findings. The items are presented in so special order of importance. 


1. Relatively little discussion is provided regarding the impacts of 
off-site roads and clearing required for the power line. Are any 
problems associated with stream crossings (where culverts would be 
required), increased sediment loading to streams during floods. 
vegetation removal, erosion and sediment control. or other similar 
issues? 


2. Im a general sense. there is concem regarding the amount of sam- 
pling and monitoring proposed and conducted to date. For example. 
does one test hole accurately reflect likely hvydrogeologic cundi- 
tions? Do water samples taken on two occasions represent a sutfl- 
cient data base for establishing baseline conditions? 
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Page vi of the EIS summary states that during an extreme flood 
event that exceeds the design flood, several Curies of radioacti- 
vity from the ore piles would be released to the downstream wash. 
The text goes on to indicate that residual contamination would be 
removed and returned to the mine vard and that there would be no 
health hazard. Moreover, accidental releases would be immediatels 
cleaned up if the situation warrants, according to the EIS. 


The practicality of defining those lands downstream from the mine 
site which contain excessive levels of radioactivity following a 
flood, followed by excavation of contaminated material with truck- 
ing back to the mine site, seems questionable. Off-site movement 
of waste ore of contaminated water stored in on-site ponds, 
whether due to an extreme flood or any failure of a berm is unac- 
ceptable. The containment facilities must be designed , installed 
and monitored using state-of-the-art procedures. 


The EIS is correct when it points out that the probability of a 
100-year or 500-year flood in a 10-year period (the estimated life 
of mining activities) is highly unlikely, but the mine operator 
must recognize that: 


a. The most prudent design flood would be the probable maximum 
flood (PMF), that flood which would occur if all adverse 
meteorological and hydrological phenomena occur concurrently 
and, 


b. By choosing a design basis of less than the PMF, the project 
proponent assumes the risk of downstream contamination. 


Vagaries and uncertainties in meteorology and hydrology, which 
could be elaborated upon at length, would compel us to use a more 
conservative design basis for berms, channels, and other drainage 
facilities than 1s advocated within the EIS, particularly since 
the incremental cost of doing so would not be burdensome. 


There is relatively little discussion regarding surface water and 
roundwater aspects of the ore piles which will exist on the site. 
Evidently, the ore piles will be placed on platforms above a 
designated flood level, but will the piles be protected from wind 
and water erosion? Will an impermeable liner be placed beneath 
the piles to prevent contaminant migration into the © shallow, 


perched aquifers? Are there particular geotechnical problems 
associated with the placement and maintenance of the piles? Can 
representative cross sections’sketch be provided? How does the 


ore behave in an aqueous environment? What constituents go into 
solution? 


( 
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Experience with mine rehabilitation in arid environments indicates 
that it is difficult to replicate indigenous conditions. The EIS 
seems to presume that upon reclamation, important hydrologic char- 
acteristics such as ground cover, soil permeability, contaminant 
immobilization mechanisms, and others will be comparable to those 
associated with an undisturbed site. This may not be the case. 
Heavy equipment movement on the site, introduction of contaminants 
that have not traditionally been at the site (oil, gasoline, 
ethylene glycol, solvents, degreasers, etc.), removal of top soil 
which can replaced only with difficulty, be replicated, no matter 
how sophisticated and well-intentioned stockpiling efforts are. 
and other such factors are difficult to overcome when reclaiming 
mined land. Additional emphasis on reclamation would be helpful. 


The EIS notes that the average year groundwater recharge rate is 


0.3 inches. Assuming that the value is reasonable under undis- 
turbed conditions, might the recharge rate change following — site 
disturbance? Concurrently, the likelihood of contamination § of 


perched, discontinuous aquifers could be increased. 


Additional discussion regarding the nature of the waste material 
from the mine shafts which will be stored on site with respect to 
its chemical characteristics would be useful. The EIS may want to 
emphasize the point that the material being mined and_ stockpiled 
on-site is hazardous. and that stringent operational standards and 
practices are required. What concentrations of metals are asso- 
ciated with this maternal? How do they behave in water? What 
gradation is associated with the matenal? Might it behave as a 
mud slurry during a heavy rainfall (which would present problems 
not discussed by the EIS), or will the material be so granular 
that the heavy rainfall will rapidly infiltrate? More discussion 
along these lines would be useful. 


It is presumed that the 17-acre site and vicinity contain a_ sub- 
stantial number of exploratory holes. What did these holes indi- 
cate with respect to the local hvdrogeology? Is this information 
consistent with the generalized discussion of soils, geology, and 
groundwater resources found in the Environmental Impact Statement, 
or did the EIS not include results from all wells in the study 
area? 


It is recommended that a groundwater monitoring program more ex- 
tensive that that proposed by the EIS be implemented. One moni- 
toring well tested infrequentiv may miss contamination, or indi- 
cate contaminants after the problem has become unmanageable. Once 
a groundwater source is contaminated, the range of measures avail- 
able to clean it up are limited, costly. and of questionable value 
if the goal is to restore the water to its original quality. 
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9. The EIS mentions that liners will be installed beneath the on-site 


impoundments. The EIS could have noted the problems often encoun- 
tered with liner installation including improper bedding, tears, 
degradation in response to sunlight, ineffectiveness at stopping 
the full range of contaminants likely to be expected, damage in 
response to heavy equipment movement, etc. For example, if during 
an intense thunderstorm, mine waste washes into the impoundments 
to such an extent that heavy equipment is required to restore the 
capacity of the impoundment, the liners could well be damaged. 
Perhaps a more sophisticated liner system consisting of clay and 
multiple synthetic liners would be appropriate. A number of shal- 
low monitoring wells around the perimeter of the impoundment might 
also prove worthwhile. Around the perimeter of the impoundment, 
the liner should emerge at the ground surface to provide a self 
contained unit to prevent lateral migration of the leachate. A 
problem of particular concern regarding the impoundments is that 
contaminants will concentrate with time. due to evaporation. 
Therefore. if failure occurs. a concentrated waste will be re- 
leased downstream. 


With respect to erosion control, the EIS states that the slopes of 
the dikes that surround the mine vard will be mprapped with rock 
fragments that will exceed 6-inches all faces. Without a filter 
maternal (gravel or mother suitable intermediate size between 
topsoil and large rock), erosion of the topsoil in floods would be 
a concem. Because the perimeter berm serves to direct off-site 
flood flows around the 1|7-acre site, the EIS should provide evi- 
dence that topsoil covered with rock fragments will not erode when 


subjected to high velocity floodwaters. Stability of the  diver- 
sion channels is a key issue which has received relatively little 
attention in the EIS. The list of erosion control measures pro- 


vided on page 2.28 could be broadened to improve the effectiveness 
of the program. 


On page 2.32, the EIS states that in the event that groundwater 
becomes contaminated during mining operations, continuous pumping 
will be maintained until critic constituents are reduced to 
drinking water standards, 10 percent of ambient concentrations or 
to some comparable standard approved by the Forest Service. We 
are uncertain as to how a well into the Redwall-Muav aquifer de- 
signed for a mean pumping rate of 5 gallons per minute will remove 
sufficient water from the major regional aquifer to adequately 
reduce contaminant levels. It seems that contaminants could move 
beyond the zone of influence of the well before contamination has 
even been detected, given the proposed frequency of sampling. The 
concept of relying on one well to cleanse a contaminated deep 
aquifer is questionable. 


The EIS notes that an on-site pond volume of about 6 acre-feet 
will be provided, with no more than 3 acre-feet of storage used at 
any time. We question the 6 acre-foot value, especially if the 
following are considered: 


cS 
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fo) A sequence of severe storms could occur. 

fe) Without additional evidence as to how site permeability will 
be affected by mining operations, it might be prudent to 
assume that the entire design rainfall would result in run- 
th which would consume nearly two-thirds of the 6 acre-foot 
value. 

fe) Design freeboard of 2 feet or more would seem to be a neces- 
sity given the adverse consequences of berm failure. 

fe) Contaminated water from the Redwall-Muav aquifer could be in 
the ponds at the time of the thunderstorm. Moreover, water 
encountered during construction of the shafts is to be pumped 
into these ponds. 


Careful design, construction and maintenance of the vanous berms 
designed to impound water on the site is essential. The adverse 
consequences of wet or dry berm failure are obvious. The EIS 
contains little detail regardin berm design charactenstics and 
suitability of on-site materials for berm — construction. We 
consider it essential that an engineer familiar with dam _ design 
and construction be retained to design these facilities. The EiS 
states that the site is moderately active with respect to  seismic- 
ity, another important consideration. 


Particular attention must be paid to construction of the berm on 
the upslope side of the site. This berm will intercept and divert 
high velocity floodwaters from upslope lands and will be subjected 
to significant scour and erosion forces. 


Given that the mine site is in an apparently small basin (no 
larger than one square mile given Figure 3.6), more detailed topo- 


ne mapping than that provided in the EIS would be useful for 
ydrologic analysis. The nature of drainageways through the mine 
site is mot clear. The following statements are somewhat contra- 
dictory: 


fc) "The area gently slopes downward to the south and surface 
water from small storm events is diverted around the clearing 
by natural drainageways.” 


fe) The Canyon mine site lies in the ephemeral watershed of 
Little Red Horse Wash....” 


The inconsistency between these statements could be resolved with 
better topographic mapping. Typical channel cross sections would 
also be helpful. 


How do the soils in the basin tributary to the mine site behave 
during an intense rainfall? Do thev seal tightly upon exposure to 
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intense = rain? Alternatively, do they saturate rapidly,  lase 
strength, and flow as mud, a phenomenon which would demand special 
design procedures? 


On page 3.34, the EIS notes that in the principal stream channel 
between the mine site and Cataract Canyon, water stored in the 
discontinuous sections of the channel alluvium  percolates readily 
downward via fractures and solution openings in the limestone, 
which compnses an important recharge medium in northern Arizona. 
Might the shallow, discontinuous aquifers at the mine site provide 
recharge to this stream channel? If this is the case, and given 
that there is possible contamination of shallow groundwater sup- 
plies from mining activities, the mine could impact what the 
report terms “an important recharge medium in northem Anzona.” 
Perhaps from a_ practical standpoint the total contaminant load 
which would enter the recharge medium under worst case conditions 
is small, but the EIS could note this as a potential. 


The EIS repeatedly refers to the 100-year recurrence interval 
storm event as an “extreme” event. While we do not dispute that a 
100-year flood is extreme, it must be pointed out that events of 
reater magnitude are readily quantified using standard engineer- 
ing techniques, and often form the design basis for facilities of 


less potential hazard than the subject mine. Additionally, it 
would be useful for the EIS to distinguish between 100-vear rain- 
fall return frequency versus runoff return frequency. This would 


be particularly useful for the August 14, 1984 storm. 


On page 3.36, the EIS indicates that the results of other wells 
and bore holes drilled in the area indicate that it is unlikely 
that any significant groundwater resources or aquifers will be 
encountered by mine construction and operation. This general 
statement requires substantial elaboration, particularly since the 
one test well drilled at the mine site encountered groundwater at 
T40 feet. How many other wells were analyzed? hat was the 
nature of these wells? Can statistical confidence be assigned to 
the general statement that it is unlikely that any — significant 
groundwater resources or aquifers will be encountered? 


The EIS indicates that difficulty has heen experienced’ with 
respect to establishing the direction of flow of the Redwall-Muav 
aquifer. Would not a second monitoring well have been valuable 
for answering a question of such great importance? Is there a 
reason why this question is not relevant or of consequence? 


As the mine shafts are drilled and groundwater supplies are en- 
countered, the groundwater will drain into the mine shafts. Upon 
entering the mine shafts, the groundwater will migrate downward 
along the walls of the shaft. perhaps dissolving constituents of 


r> 
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concem as it does so. At the bottom of the mine, this water will 
be pumped to the surface, but pumping may not be 100 percent 
effective at removing the water from the mine shaft. At the bot- 
tom of the shaft, where fractures will be likely due to the down- 
ward progression of the mine, the contaminated water will find a 
convenient entry for continued deep vertical migration. 


The EIS makes the point that it is unlikely that containments will 
migrate from the bottom of the well into the Redwall-Muav aquifer. 
Substantial additional testing is required to verify this  asser- 
tion with a high level of confidence. Fracture systems and dis- 
continuities cannot be established with one test hole. Movement 
of contaminants over long distances is not unprecedented. For ex- 
ample. contaminants at the Lowry Landfill east of Denver. Colorado 
have migrated 250 feet through materials traditionally thought to 
represent barners to movement (claystone and siltstone). 


21. The report generally implies that perched, discontinuous aquifers 
in the vicinity of the mine site cannot yield significant ground- 
water supplies. Yet, on page 3.37, the report notes that the Sin- 
yella Spring aquifer constitutes a major water supply for the 
Havasupai reservation. 


22. We question the value of constructing one monitoring well at the 
mine site. The proposed monitoring well does not have the capa- 
bility to monitor for contamination of shallow groundwater sup- 
plies nor from seepage from the ponds, but rather only from the 
Redwall-Muav aquifer. 


23. We concur with the choice of parameters proposed for monitoring as 
delineated on page 3.38. The EIS states that by selecting these 
parameters, comprehensive documentation of water quality will be 
provided prior to mining operation. If comprehensive monitoring 
is a goal, might it not be prudent to include additional monitor- 
ing wells and sampling more frequently than that proposed by the 
Els? How does the proponent address the question of statistical 
significance? At what point will it be determined that contamina- 
tion of shallower deep groundwater supplies is of sufficient mag- 
nitude to merit corrective action? 


The questions and comments provided herein are based on a cursory review of 
the final Canyon Uranium Mine Environmental Impact Statement. We have 
appreciated the opportunity to review this document, and will be pleased to 
discuss our report. 


Verv trulx.vours, 
WRIGHT WATER ENSINEERS, INC. -> 


ya 7 a “ 
By —-C: ee ee ae 
Jofathan E. Jones, P-E. 
Vice President 
JEJ:ard 
(1.59) 
871-074.000 
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JONATHAN E. JONES 
PRINCIPAL 
WRIGHT WATER ENGINEERS, INC. 


EDUCATION: 


M.E. Civil Engineering, 1981 
University of Virginia 


B.S. Civil Engineering, 1980, with honors 
University of Virginia 


REGISTRATIQCN: 


Registered Professional Engineer, States of Colorado and Wyoming 
CURRENT : 


Consultant on water problems related to drainage and erosion, general 
surface water and flood hydrology and floodplain management, water 
resources planning, water rights evaluations, dam and reservoir devel- 
opment, water quality, lake and river studies, ecological studies, land 
treatment of wastewater. 


RECENT PROJECTS: 
EXPERT WITNESS TESTIMONY IN THE FOLLOWING AREAS: 


Surface Water and Ground Water Hydrology 
Water Quality/Drinking Water Standards 
Flood Hazard Mitigation 

Water Rights 

Hydraulics 

Construction Cost Estimates 

Drainage and Flood Control 

Erosion and Sediment Control 


oq0oaq0qgQO0O000 


PROJECT ENGINEER FOR ADOLPH COORS COMPANY FOR THE FOLLOWING PROJECTS: 

o Standley Lake Water Quality Study 

© Preliminary Drainage Plan for Coors Technology Center 

© Water resources evaluation of Great Western Sugar Company’s Johns- 
town, Colorado high fructose corn syrup plant with respect to: 


water rights; groundwater and surface water hydrology; wastewater 
treatment; water supply of the Town of Johnstown. 


RIOT WATER Prove ens Inc: 
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© Rolling Hills Country Club-Welch Ditch landslide 
o Preliminary design of Lakes B-5 East, B-6 and B-7 
o Dam and Reservoir Inspections 

o Chicago Creek Reservoir Enlargement Study 

© Various water rights evaluations 


SURFACE WATER HYDROLOGY FOR EPA SUPERFUND PROJECTS: Responsible for 
surface water quantity and quality issues relative to sites targeted 
for cleanup on EPA’s Superfund list, including susceptibility to flood- 
ing, design of on-site drainage facilities, erosion control, evaluation 
of embankment hazard potential, basin yield studies, etc. 


LEYDEN LANDFILL—SURFACE AND GROUNDWATER EVALUATION: Thorough review 
of previous studies, provided Jefferson County Commissioners with rec- 
ommendation regarding the ‘advisability of permitting the proposed Ley- 
den County Landfill. 


FINAL DESIGN OF REHABILITATION PLANS AND SPECIFICATIONS FOR UPPER AR- 
KANSAS WATER CONSERVANCY DISTRICT: Developed plans and specifications 
for the rehabilitation of two high mountain reservoirs, which collec- 
tively store approximately 1,000 acre-feet. 


SPRING CREEK RANCH: Performed engineering analysis relative to storm 
water management, floodplain delineation, groundwater monitoring, on- 
site wastewater disposal and land use density for this property in 


Jackson, Wyoming. 


GRINDSTONE CANYON FLOODPLAIN ANALYSIS: Developed recommendation for 
floodplain development downstream of proposed Grindstone Canyon Dam in 
Ruidosa, New Mexico. 


COUNCIL OF ENERGY RESOURCE TRIBES ENVIRONMENTAL IMPACT STATEMENT RE- 
VIEW: Reviewed water resources sections of an environmental impact 
statement prepared by the federal government concerning tar sand devel- 
opment in Utah. 


SURFACE WATER HYDROLOGY FOR GREAT WESTERN SUGAR COMPANY: Flood hazard 
potential evaluation of Great Western Sugar Company’s Johnstown facil- 
ity with respect to flood ranging from the 10-year to 500-year return 


frequency. 


FLOOD HAZARD ASSESSMENT OF LEYDEN RESERVOIR. Assessed probable respon- 
ses of Leyden Reservoir to floods varying from the 100-year event to 
the full probable maximm flood, and formulated preliminary rehabilita- 
tion plans and costs. 


RESUME 


JONATHAN E. JONES iN 
(Continued) C636 


BUFFALO CREEK WATER DISTRICT VS. MUTUAL WATER COMPANY FORMATION. Com- 
parison of technical and legal advantages and disadvantages of water 
district formation and mutual water company formation at the request of 
the Town of Buffalo Creek. 


LAKE DEVELOPMENT FOR BOY SCOUTS OF AMERICA. Reconnaissance, feasibi- 
lity, preliminary design and final design studies for a lake for a Boy 
Scout Ranch near Colorado Springs, Colorado. Formation of augmenta- 
tion and operation plans. 


PRELIMINARY DESIGN OF STORM SEWER/DETENTION POND SYSTEM FOR HELENA, 
MONTANA. Hydrologic and hydraulic analysis of stormwater-related faci- 
lities for a 300-acre drainage basin in Helena, Montana, using the 
Massachusetts Institute of Technology Catchment Model (MITCAT). 


LOWER COLORADO RIVER BASIN STUDY FOR THE U.S. BUREAU OF RECLAMATION. 
Analysis of return flow characteristics associated with "non- 
contractual" diversions (including wells) from the Colorado River in 
the reach from Davis Dam to the Mexico border. 


DESIGN OF STORMWATER FACILITIES FOR THORNTON, COLORADO SHOPPING CENTER. 
Hydrologic/hydraulic analysis for Yellowfront Shopping Center in Thorn- 
ton, Colorado, including the 200-acre basin above shopping center. 
Preparation of design specifications for: (1) a grass-lined swale, (2) 
a dual purpose firelane flood channel capable of passing 150 cfs, (3) 
on-site detention facilities. 


DRCOG EROSION CONTROL MANUALS. Author of three manuals dealing with 
various aspects of erosion control for the Denver Regional Council of 
Governments. 


FLOOD HAZARD ANALYSIS AND MITIGATION FOR THE UNIVERSITY OF COLORADO. 
Analysis of flood hydraulics, regulatory constraints and specific 
floodproofing measures for research buildings located in the Boulder 
Creek floodway in Boulder, Colorado. Development of water surface 
profiles through hand calculations and use of the HEC-2 program. 


RESERVOIR RECONNAISSANCE STUDY FOR WATER SUPPLY AND STORAGE COMPANY. 
Analysis of 32 potential reservoir sites with respect to geology, hy- 
drology, water rights, dam sizing, spillway requirements, and probable 
environmental impact. 


PRELIMINARY DESIGN FOR TRAP LAKE II. Analysis of proposed reservoir 
site including water rights, basin yield, flood hydrology and reservoir 
financing leading to the preliminary design of a 4,400 acre-foot reser- 
voir with a dam height of 85 feet. 
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DAM REHABILITATION AND ENLARGEMENT STUDIES FOR UPPER ARKANSAS WATER 
CONSERVANCY DISTRICT. Development of plans to enlarge or rehabilitate 
three reservoirs in the vicinity of Salida, Colorado, and acquisition 
of state monies for reservoir rehabilitation. 


WATER RESOURCES ANALYSIS OF SOMERVILLE RANCH. Assessment of physical 
and legal groundwater and surface water supplies. 


INDUSTRIAL WASTEWATER DISPOSAL FEASIBILITY STUDY FOR GREAT WESTERN 
SUGAR. Feasibility study of land treatment of high-strength industrial 
wastewater. Analysis of contaminant movement in soil. Feasibility 
study of winter application. Determination of required pre-treatment. 


HAZARDOUS WASTE DISPOSAL FOR UNION PACIFIC RAILROAD. Assistance in the 
analysis of the movement of fuel oils and other hydrocarbons through 
soils. 


WATER RESOURCES DEVELOPMENT FOR EXXON COMPANY, U.S.A. Categorization 
and ranking of irrigation water requirements for Battlement Mesa in 
terms of client’s priorities. Water supply study. Feasibility study 
of proposed reservoir on Monument Gulch. 


WATER RESOURCES ANALYSIS FOR HOLLERAN ASSOCIATES. Categorization of 
physical and legal availability of groundwater and surface water for 16 
potential community development sites near Meeker and Rangely, Colo- 
rado. 


WATER RESOURCES ANALYSIS FOR GREENLAND RANCH. Analysis of legal and 
physical availability of surface water near Colorado Springs. 


U.S. ENVIRONMENTAL PROTECTION AGENCY, WASHINGTON, D.C., 1979-1981. 
Comparison of energy and economic efficiencies of land treatment with 
other forms of municipal wastewater treatment. Guidance to communities 
concerning acceptable application rates of municipal sludge from the 
standpoint of nitrate loading. Guidance to communities concerning fee 
simple acquisition vs. leasing of land required for land treatment 
wastewater systems. Writing of public information literature relating 
to “innovative and alternative" forms of wastewater treatment. Recla- 
mation of strip mined areas in Pennsylvania utilizing domestic sludge 
as a fertilizer and soil conditioner. 


PROFESSIONAL ACTIVITIES: 
- Water Resources Research Council 
- American Society of Civil Engineers 
- ASCE Hydraulics Division Task Committee on Outlet Works for Detention 
Ponds 


- Chapter Co-Chairman of ASCE Manual of Practice on Design and Cons- 
truction of Storm Drainage Systems 
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- Session Chairman, 1986 ASCE/Engineering Foundation Conference: 
"Urban Runoff Quality: Its Impacts, Quality and Enhancement" 


PAPERS AND PUBLICATIONS: 


Jones, J.E. "District Court Jury Finds Developer Liable for Destruction 
of High Mountain Water System Due to Urban Runoff Contaminents" £E0S 


Transactions, American Geophysical Union, Vol. 67, No. 16, April 722, 


Jones, J.E. "The Impacts of Urban Stormwater Runoff Contaminants on 
Aquatic Environment - A Summary,” To be published in the Proceedings of 
the American Society of Civil Engineers/Engineering Foundation Confer- 
ence: "Urban Runoff Quality: Its Impacts, Quality, and Enhancement 
Technology" June 22-27, 1986; Henniker, New Hampshire. 


Jones, J.E. "Hazardous Waste Site Assessment on a Bare-Bones Budget," 
Proceedings of the Second Annual Eastern Regional Conference of the 
National Water Well Association held in Portland, Maine in August 1985. 


Jones, J.E. and Jones, D.E., "Essential Urban Detention Ponding Consi- 
derations" Journal of Water Resources Planning and management, American 
Society of Civil Engineers; Vol. , No. 4., October, 4. 

Jones, J.E. "Maintenance, Safety, and Aesthetic Considerations Asso— 
ciated With Urban Stormwater Outlet Control Structures" proceedings of 


the ASCE 1984 raulics Division Specialty Conference in Coeur 
‘Alene, Idaho. 


Stormwater Detention Outlet Control Structures," ASCE Special Report 
written by ASCE Task Committee for the Design of Outlet Control Struc- 
tures (J.E. Jones wrote one of six chapters in report and edited entire 
report.) 


Jones, D.E. and Jones, J.E., "Floodway Delineation and Management." 
presented at the Floodplain Symposium of the National Convention of the 
American Society of Civil Engineers, October 17-21, 1983 in Houston, 
Texas, and accepted for publication in the ASCE Journal of Water Re- 


sources Planning and Management Division. 


Jones, J.E., DeOreo, W.B., Birt, G.B., "A Realistic Overview of Erosion 
Control Problems, Opportunities and Costs in Urban Areas—From the 
Perspective of Both Developers and Local Governments." Proceedings of 
the Tenth International Ss sium on Urban rology, raulics, and 


iment Control, Lexington, Kentucky, July | 7 A 


Jones, J.E., "Water Quality and Institutional Considerations Associated 
With Stormwater Management and Urban Coastal Environments.” Proceed- 


9 of the Third Soe on Coastal and Ocean Management, San Di ego, 
ifornia, June 1-4, is 
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Jones, J.E., and Jones, D.E., "Assessing the Magnitude of Risk Posed by 
Agricultural Ponds and Reservoirs in Urban Areas," and Jones, J.E., 
"Interrelating the 100-Year Rainfall Event Floodplain Boundaries with 
Water Surface Profiles Resulting from High Hazard Dam Failures." Pro- 


ceedings of at the Interagen Committee on Dam Safety Conference, 
Denver, Colorado, October soy 1960. 


Jones, J.E., and Jones, D.E., "Interfacing Considerations in Urban 
Detention Ponding." Proceedings of the Engineering Foundation/ASCE 
Conference, "Planning, Design, pberation and Maintenance of Stormwater 


Detention Facilities, at Henniker, New Hampshire, August > 

Jones, J.E., Assessing the Cost Effectiveness of Land Treatment as 
compares with Other Forms of Wastewater Treatment. USEPA-MCD-WH-547, 
May e 


"The Implications of Altering Selected Regulations of the United States 
Environmental Protection Agency Pertaining to Land Treatment of Waste- 
water and Land Application of Sludge." Presented at Virginia Section 
of the Water Pollution Control Federation, April 1981, Natural Bridge, 
Virginia. 


"Is There a Future for Innovative and Alternative Technology in Waste- 
water Treatment?" Presented at ASCE Conference, Old Dominion Univer- 


‘sity, May 1980. 
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CONSULTANTS IN HYDROGEOLOGY ener ere 
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TUCSON, ARIZONA 85719 (602) 881-4912 em Ligiee cx. ES: 
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July 17, 1989 
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Mr. Rich Munson EN C3210 RECEIV 
ENERGY FUELS NUCLEAR, INC. 

1 Tabor Center, Suite 2500 JUL 1 8 1989 
1200 17th Street S 
Denver, Colorado 80202 ENERGY FUEL 


RE: DATA SUBMITTAL FOR CANYON MINE 
Dear Mr. Munson: 


In accordance with your request for meteorological data for the study 
area, enclosed please find the following copies of monthly total precipita- 
tion tables generated by the Institute of Atmospheric Physics, University 
of Arizona and the United States Weather Bureau: 


STATION PERIOD 
Grand Canyon National Park 1903-1987 
Grand Canyon Airway 1941-1967 
Supai 1956-1987 
Valle Airport 1947-1959 
Flagstaff/ Flagstaff WSO Airport 1888-1987 
Williams 1898-1987 


Summaries for the greatest daily precipitation recorded for each month 
during the following periods are also included for the following stations: 


STATION PERIOD 
Grand Canyon National Park 1904-1957, 1931-1972 
Grand Canyon Airway 1941-1967 
Supai 1956-1972 
Valle Airport 1947-1959 
Flagstaff/ Flagstaff WSO Airport ‘1889-1951, 1950-1972 
Williams 1898-1957, 1931-1972 


In addition to the data enclosed, a further search could be conducted to 
obtain 1988 and 1989 data, and or daily precipitation records for these 
weather stations. 
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An initial investigation was conducted to verify statements made by 
Chuck Leaf and the Havasupai Indians regarding periods of excessive 
precipitation. The following observations have been made by others; 
corresponding data are highlighted in red in the enclosed tables. 


Chuck Leaf cited flooding for December 1966, and for August 14, 1984. 
Review of weather data indicate a record 5.4 inches of precipitation during 


December 1966 at the Grand Canyon. 


The data also indicate December 1966 as 


having the greatest daily precipitation for the period 1931-1972. Regard= 
andicate excessive rain, A copy of daily precipitation for the weather 


stations in the area is enclosed, and indicates no precipitation for August 
14, 1984 at the Grand Canyon weather station. Precipitation of less than 
0.02 inches was recorded at Williams and a trace amount was recorded at 


Flagstaff. 


Testimony by the Havasupai Indians referred to flooding or heavy 
precipitation in 1910 at Supai, during the winter of 1968, and in August 
1986 at Cataract Canyon. No data exist in 1910 for the Supai weather 
station, and only a few monthly readings are available for the Grand Canyon 
station. However, the Grand Canyon data indicate 23.67 inches of rain from 
July to October 1907. Regarding the extreme snow fall in 1968, records 
show a total of 7.80 inches of precipitation during the period from 


December 1968 to February 1969. 


The last year to record more than 7 inches 


of precipitation during this period was 1949. No records could be found to 
confirm that flooding of Cataract Canyon in August 1986 was a result of 
excessive precipitation. Precipitation in August 1986 was 1.58 inches at 
the Grand Canyon, 3.48 inches at Williams, and 1.71 inches at Supai. 
However, there was unusually heavy precipitation at Flagstaff resulting in 
6.62 inches during July, and 8.06 inches during August. 


During their testimony, the Indians presented a photograph of stream- 
flow in July or August, 1982 at the Grand Canyon Village. Records indicate 
total precipitation of 2.21 inches in July and 2.78 inches in August, 1982. 
Precipitation of this magnitude has been recorded in 1984, 1983, 1981, 


1974, 1968, 1966 and other dates. 


If you have any questions or require further clarification, please do 


not hesitate to call me. 


While drilling surface boreholes, on three occasions 
heavy rainfall was noted: 


CYN-S5: July 14, 1983 
“Rainstorm destroyed samples from 940-1160” ft bls and 
1,225-1,295 ft bls, lost circulation below 1,375 ft bls 


CYN-8: July 17- 24, 1984 
No samples where collected between 1,360- 1,570 ft. bls 
because of a “flash flood” 


CYN-10: August 11-16, 1984 
Between 625-660 ft bls “SAMPLES WASHED AWAY IN 100 
YR. FLOOD” 


Very truly yours, 
ERROL L. MONTGOMERY & ASSOCIATES, INC. 


Michael J. Rosko 


UNITED STATES 
~ DEPARTMENT OF THE INTERIOR 


OFFICE OF THE SECRETARY tas 
PACIFIC SOUTHWEST REGION NOV 4 4 19¢6 
BOX 36098 + 450 GOLDEN GATE AVENUE , 
SAN FRANCISCO, CALIFORNIA 94102 
(415) 556.8200 


November 12, 1986 


ER86/351 


Mr, Leonard A. Linquist 
Forest Supervisor 
Kaibab National Forest 
800 South 6th Street 
Williams, AZ 85046 


Dear Mr. Linquist: 


This addendum to our comment letter dated April 28, 1986 on the review of the 
Draft Environmental Impact Statement for the Canyon Uranium Mine, Kaibab 
National Forest, Coconino County, Arizona is provided for your consideration 
and use during the review process of the FEIS. 


The hydrologic analyses are somewhat weak in two respects. When radioactive 
materials are involved, the "safe" design storm should be at least a 500-year 
event. Pond design should be based on that criteria as well. Even with this 
shortcoming, the design for Alternative 2 seems adequate or nearly so. We 
‘would recommend review of that design, and especially the plans for rip rap of 
the berms and the sizing of the holding pond. The rip rap should be emplaced 
wherever water from a 500-year event may be expected to impinge on the berms 
surrounding the radioactive materials at the mine site. 


The more seridus error in the hydorlogic analyses is the assumption that, if 
debris from the mine escapes the site, it will not get past the broad flat 


area some 14 miles downstream. This»conclusion is»based vin substantial part 
on the analyses of a small thunderstorm flood in August of 1984 in a nearby 
drainage. This conclusion is indefensible. If material escapes the mine, it 
becomes a part of the sediment in transit in the drainage, and will, in time, 
travel downstream at least as far as Lake Mead) For those materials that are 
partially soluble, even Hoover Dam is not an impossible barrier, and the 


dissolved materials will ultimately travel as far as Colorado River water may 
reach. 


A detailed ee “of ie ‘sedioents Deoteinait. rates in this basin senguee be rather 
expensive, and if the mine site is protected at the 500-year event level’ or 
greater, it would be superfluous to study a potential problem that has such a 
small probability of occurrence. Unfortunately, even improbable things 


happen, and it would be prudent to evaluate the present condition of the 
drainage in the event some catastrophe may strike. If no background data are 
available, and a catastrophic failure of the contaminment at the mine occurs, 
any radioactives found in the drainage downstream will be presumed to be from 
the mine. It is probable that some background radionuclides are present in 
the system today as a result of the natural processes of weathering, erosion, 
and seavacnt transpors in the system. 


A reconnaissance-level effort to get samples of sediment and water in the 
system downstream from the mine site as far as the Cuiorado River would cust 
in the range of 20-30 thousand dollars, and would be invaluable information in 
the event of an accidental release of radioactive material from the mine 

site. The Havasupai, the Bureau of Indian Affairs, the National Park Service 
or the Forest Service would need this background information to assess p MAGES 
and fix responsibilities and criteria for remedial actions. 


Thank you for the opportunity to review and comment on this document. 


petal 


| f pbtaned aS a 
Patricia Sanderson canis 
Regional Environmental Officer 


ccs: Director, OEPR (w/incoming) 

Dist. Chief, USGS 

State Dir., BLM 

Reg. Dir., NPS 

Chief, BM 

Reg. Dir., FWS 
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FOREWORD 


This document was written for four major reasons: 1) The 
hydrology of karst terranes is significantly different from that 
of terranes characterized by granular and fractured rocks--flow 
velocities in karst may be several orders of magnitude higher 
than in other ground-water settings; Darcy’s Law describing flow 
is rarely applicable; 2) For monitoring to be relevant and reli- 
able in karst terranes, monitoring procedures must be radically 
different from those in non-karst terranes; 3) There is a need 
for a practical guide that tells engineers, geologists, hydro- 
logists, and regulators what the monitoring problems are in karst 
terranes and how to solve them; and 4) Create awareness of the 
state-of-the-art in monitoring in karst terranes--and provoke 
thought and discussion about the subject and its implications for 
ground-water protection strategy. Some of the conclusions may be 
controversial, but I believe it is better to be aware of problems 
and to try to solve them than to ignore then. 


Approximately 20 percent of the United States (and 40 percent 
of the country east of the Mississippi River) is underlain by 
various types of karst aquifers. The vulnerability of these 
aquifers to contamination--and the consequent threats to public 
health and safety, as well as to the environment--make it 
imperative that monitoring of these aquifers be reliable. fThis 
document tells how to achieve such needed reliability. 


This is a synthesis of the results of research and practical 
experience by the author and others. My research has been spon- 
sored by the National Park Service, the U.S. Environmental 
Protection Agency, and the Kentucky Water Resources Research 
Institute. Much of my research has been done in collaboration 
with Dr. Ralph Ewers of Eastern Kentucky University. 


Reliability, however, is not obtained easily or automatical- 
ly. Karst is complex. Although general principles are applic- 
able almost universally, reduction of them to absolute rules is 
difficult. Therefore, rules to guide monitoring should be based 
on goals or performance, not procedure. Stated generally, there 
are two goals of monitoring: 


1. Acquire and correctly interpret data relevant to the hy- 
drology of a site. 


2. Logically monitor water-quality parameters that are indic- 
ative of contaminant-related changes in the hydrology. 
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There are two problems with the attainment of these goals: 
It is easy to assume that one has achieved them, and the design of 
a monitoring system is a research project, not the automatic 
installation of a few wells downgradient and upgradient from a 
site followed by collection of water samples on a regular 
schedule. This document discusses reliable procedures for 
attaining these goals. Following internal EPA review of this 
document, the report will be upgraded to a Project Report, for 
general release and use buy three groups of people: 


1. Administrators who must evaluate existing or proposed 
networks for monitoring water quality in karst 
terranes, but have minimal experience in karst 
hydrogeology; 


2. Consultants and others who must design monitoring 
networks but may or may not have extensive experience 
in karst terranes; and 


3. The well-experienced tracer who is already familiar with 
the hydrology and geomorphology of karst terranes but has 
minimal familiarity with monitoring problems. 


Accordingly, some sections of this document may be of 
greater or lesser interest to one group than to another. 


This document is a highly revised, nearly threefold expansion 
of a review by Quinlan (1989a). It includes a summary of six 
other papers published in the proceeding of various conferences 
(Quinlan, 1988a; Quinlan and Alexander (1987); Quinlan, Aley and 
Schindel, 1988; Quinlan and Ewers (1984, 1985); and Quinlan, 
Ewers, and Field, 1988), but most of this document is in no other 
publication or report. It is a unique synthesis and summary of 
the experience of the writer and his peers who are gratefully 
acknowledged. 
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ABSTRACT 


Reliable monitoring of ground-water quality in any terrane is 
difficult: There are many ways in which violation of sound prin- 
ciples of monitoring-network design and good sampling protocol 
make it easy to acquire data that are not representative of the 
water or pollutants within an aquifer. In karst terranes it is 
especially likely that irrelevant data, inadvertently misrepre- 
senting aquifer conditions, will be obtained. 


The special problems of monitoring ground water in most karst 
terranes can be grouped into four major categories of problems 
that are rarely as significant in other terranes. These cate- 
gories are: 


1. Where to monitor for pollutants: At springs, cave 
streams, and wells shown by tracing to include drainage 
from a facility to be monitored--rather than at wells to 
which traces have not been run but which were selected 
because of convenient downgradient location. Wells on 
fracture traces and fracture-trace intersections and wells 
located randomly can be successfully used for monitoring, 
but only if traced positively from the facility to them. 
Often, the monitoring can only be done several kilometers 
away from the facility. 


2. Where to monitor for background water quality: At 
springs, cave streams, and wells in which the waters are 
geochemically similar to those to be monitored for pollu- 
tants but which are shown by tracing not to include drain- 
age from the facility--rather than at wells selected 
because of convenient location upgradient from it. This, 
too, may have to be done several kilometers away from the 
facility. 


3. When to monitor: Before, during, and after storms or 
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meltwater events and also at known base-flow conditions-- 
rather than regularly with weekly, monthly, quarterly, 
semi-annual, or annual frequency. 


4. How to reliably and economically determine the answers to 
problems 1, 2, and 3: Reliable monitoring of ground water 
in karst terranes can be done, but it is not cheap or 
easy. 


These problems exist because many of the assumptions made for 
monitoring ground-water flow in granular media are not valid in 
karst terranes. Many axiomatic, implicit assumptions are made 
about flow-systems by those who use various tracers and who may 
or may not use the traced-spring, -cave-stream, and -well moni- 
toring strategy discussed herein. Many of these assumptions are 
valid only about 95 percent of the time. Ten of them are re- 
viewed and exceptions to eight are discussed. Among the ten 
reviewed, the most insidious is that the tracing tests have been 
well designed, properly executed, and correctly interpreted--and 
that they are capable of yielding an unambiguous interpretation. 
Additionally, there are at least thirteen major ways to inadver- 
tently obtain falsely negative results in tracer tests. These 
too are cited and discussed. 


The recommended monitoring strategy is widely applicable in 
most U.S. karst terranes. Most of them are characterized by 
local recharge that is discharged at springs. The strategy is 
not applicable in karst terranes characterized only by recharge, 
by diffuse discharge into sediment, or by sublacustrine or sub- 
marine discharge. 


Tracing agents are fundamental and necessary tools for 
studies, model confirmation and calibration, and predictions of 
movement of ground water and pollutants. Their legitimate use 
needs legal recognition as being benign and harmless in the 
concentrations generally employed--rather than regulation as con- 
taminating substances. 


Many of the passionate conflicts between designers of moni- 
toring systems and interpreters of their data are philosophical. 
Most of these conflicts are between individuals with different 
perceptions of reality. 


A checklist can be used to guide the general sequence of 
operations necessary in the design of a monitoring system for 
ground water in karst terranes. The checklist given, however, is 
no substitute for acquisition of an understanding of the concepts 
espoused in this document and application of then. 


Although some state agencies now require ground-water moni- 
toring at springs, official Federal regulatory recognition of 
this necessity is needed. 
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INTRODUCTION 
OBJECTIVES OF THIS DOCUMENT 


The hydrology of karst terranes is significantly different 
from that of non-karst terranes. Accordingly, the monitoring 
techniques necessary for reliable, accurate assessment of their 
ground-water quality are significantly different. This docu- 
ment discusses these techniques, recommends ways to solve the 
special problems posed by monitoring in karst terranes, calls 
attention to possible regulatory problems, discusses the assump- 
tions made when monitoring, and makes recommendations throughout 
the text. 


Recent comprehensive reviews of the hydrology and geomorphol- 
ogy of karst terranes are the well-illustrated texts by White 
(1988) and Ford and Williams (1989). These are the most readable 
introductions to the subject. A comprehensive analysis of the 
physics, chemistry, and geology of karst aquifers has been 
written by Dreybrodt (1988). None of these books is specifically 
concerned with environmental problems, but they are useful, 
experience-based syntheses of current knowledge. Present and 
future trends in karst hydrologic research have been briefly 
reviewed by Atkinson (1985). A useful guide to the nature and 
distribution of North American karst aquifers is given by Brahana 
et al. (1988). 


To many hydrologists, geologists, and engineers, the flow of 
_ground water in karst terranes is mysterious, capricious, and 
unpredictable. Many others recognize the term, karst, but do not 
understand its significance. Few publications adequately discuss 
predictive aspects of environmental hydrologic problems of karst 
terranes or offer practical, experience-based insights’ for 
solving them. Notable exceptions are Alexander et al. (1988), 
Aley (1977, 1988), Aley & Thompson (1984), Bonacci (1987), 
Crawford (1984), Milanovié (1979), Palmer (1986), Quinlan (1986b, 
1988a, 1988b), Quinlan & Alexander (1987), Quinlan and Ewers 
(1985, 1986), Quinlan & Ray (1981, 1989), Smart & Hobbs (1986), 
Smoot et al. (1987), and White (1988). Both the actual problems 
and the policy problems of flow prediction in karst terranes are 
real. Yet they are totally ignored in nearly all of the 
environmental monitoring literature and by most current U.S. 
Environmental Protection Agency (EPA) and state ground-water 
monitoring regulations. These problems can, nevertheless, be 
solved. The National Water Well Association regularly offers a 
practical course in karst hydrogeology to professionals who wish 
to learn about these problems and attempt to solve then. 
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Although some EPA publications take note of the problems of 
monitoring in karst terranes and endorse the traced-spring, 
-cave-stream, and -well monitoring concepts first espoused by 
Quinlan and Ewers (1984, 1985) and analyzed in this document 
(Office of Ground-Water Protection, EPA, 1987, 1988; Mull et al., 
1988), most EPA documents, and specifically the Technical 
Enforcement Guidance Document concerning ground-water monitoring 
at sites governed by the Resource Conservation and Recovery Act 
(RCRA), ignore these concepts. The significance of the proposed 
strategy for monitoring in karst terranes was strongly endorsed 
in letters to EPA from numerous authorities who urged, albeit 
unsuccessfully, that they be included in the revision of the 
Draft TEGD on monitoring for RCRA sites (Office of Waste Programs 
Enforcement and Office of Solid Waste and Emergency Response, 
EPA, 1986). 


Most current regulations concerning ground-water monitoring 
disregard the manifold problems of doing it reliably in karst 
terranes. In part, this is because they are performance-based, 
and rightly so. The true goal of ground-water monitoring should 
be to detect the nature and magnitude of changes, if any, in 
ground-water quality, as a result of natural processes or human 
activity--rather than just to comply with the letter of the law 
and regulations. Monitoring can be reliable, and it can achieve 
performance goals, but sometimes it needs the aid of technical 
guidance in order to achieve its goals. 


Proposed EPA regulations concerning municipal solid waste 
landfills are some of the first to specifically address problems 
of karst terranes and to prohibit siting them in such areas (U.S. 
Environmental Protection Agency, 1988, p. 33333-35). This prohi- 
bition could be waived if an owner or operator can demonstrate 
structural stability of the facility. The regulation (40 CFR 
Section 258.15) is an important official recognition of a signif- 
icant problem in karst terranes, sinkhole development, but it 
ignores the most widespread problems--those associated with 
reliable monitoring of ground-water quality as affected by 
leakage from a facility located in a karst. 


This document discusses where and when to take relevant water 
samples and how to get the data essential for making the where 
and when decisions; it also discusses implicit assumptions made 
when monitoring with the strategy recommended herein. No attempt 
is made to discuss the design and construction of monitoring 
wells, protocol for sample custody, or quality assurance/quality 
control (QA/QC) for dye-tests. All but the last of these topics 
have been adequately addressed by others; many topics are being 
reviewed and codified by the American Society for Testing and 
Materials (ASTM) Subcommittee D-18.21 on Ground-Water and Vadose 
Zone Investigations. Section .09 of this ASTM subcommittee, 
chaired by the writer, is developing standards for dye-tracing 
and ground-water monitoring in karst terranes. 
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This document is prescriptive and practical, but it includes 
a modicum of monitoring philosophy. The methodologies for its 
recommendations and the rationale for each are discussed in the 
references cited. Although the various answers to where, when, 
and how to monitor are strongly influenced by the answers to why, 
this document does not address the complex question of why to 
monitor. 


The practical, fundamental, and environmental significance of 
the traced-cave-stream and -spring monitoring strategy advocated 
by Quinlan and Ewers (1984, 1985) and in this document is 
suggested by the fact that the Geological Society of America 
selected the authors for the 1986 E.B. Burwell Award. This award 
is given annually "to the author or authors of a published work 
of distinction which advances knowledge concerning principles or 
practice of engineering geology, or of the related fields of soil 
or rock mechanics where the role of geology is emphasized" (Beck 
et al., 1987). The strategy is just beginning to be endorsed by 
the regulatory community and in publications by practicing 
professionals other than karst specialists (Office of Ground- 
Water Protection, EPA 1987, 1988; Jennings, 1988). To the 
strategy should be added the monitoring of wells shown by tracing 
to drain from a facility, as proposed by Quinlan (1988a, 1989a) 
and in this document. 


The recommendations and conclusions of this document are non- 
conventional but not idiosyncratic. They are based on intimate 
familiarity with the world literature and more than 30 years of 
field experience in more than 20 states and 20 countries on four 
continents. 


Tracing in karsts is usually done with fluorescent dyes 
because they are the most cost-efficient of many possible 
tracers. However, use of the term dye-tracing is not intended to 
exclude the use of other tracers. Additional discussion of dye- 
tracing is included in subsequent paragraphs. 


CHARACTERISTICS OF GROUND-WATER FLOW IN KARST TERRANES 


Approximately 20 percent of the United States is underlain by 
limestone or dolomite; most of these areas are karst terranes. 
Sinkholes, sinking streams, losing streams, gaining streams, 
springs, and caves are common, but they may be absent or not 
obvious. A karst terrane generally includes a karst aquifer, an 
aquifer occurring chiefly in limestone, dolomite, gypsum, salt, 
carbonate-cemented clastic rock, or some combination of these 
rocks. Shale, siltstone, or sandstone may be interbedded in a 
karst aquifer. The most characteristic feature of a karst 
aquifer is flow of water through pipe-like conduits (caves) and 
along bedding planes and fractures enlarged by solution. 
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Two major types of ground-water flow occur in karst 
aquifers--conduit flow and diffuse flow, each of which is an end- 
member of a continuum. Springs and cave streams in conduit-flow 
systems are "flashy", as expressed by high ratios between their 
maximum discharge and base-flow discharge, typically 10:1 to 
1000:1. Discharge responds rapidly to rainfall. Flow is gener- 
ally turbulent. The waters possess low but highly variable 
hardness; turbidity, ,discharge, and sometimes temperature also 
vary widely. Where a. karst aquifer is less developed and is 
characterized primarily by diffuse flow, its behavior is less 
flashy; the ratio between maximum discharge and base-flow dis- 
charge of major springs is low (4:1 or less), and the response of 
their discharge and water quality to rainfall is slower than in 
conduit-flow springs. Flow is generally laminar. Hardness is 
higher than in conduit-flow springs, but hardness, turbidity, 
discharge, and temperature have low variability (Quinlan and 
Ewers, 1985). The variations in and relations among these 
properties and their variability as a function of aquifer flow, 
storage, and recharge have been described in a significant paper 
by Smart and Hobbs (1986). 


Two important and seemingly contradictory points need to be 
made about diffuse flow: 


1. Movement of water through most parts of a diffuse-flow 
aquifer is similar to movement of water through granular 
aquifers. Darcy’s law is operative (Hickey, 1984; Waller 
& Howie, 1988). 


2. Although water from a diffuse-flow spring may be 
discharged from an obvious conduit, perhaps 3 m (10 ft) in 
diameter, the geometry and configuration of the "plumbing 
system" that feeds it near the orifice is trivial. Wilson 
and Skiles (1988) and Stone (1989) have published maps of 
different cave systems with more than 11 km (6.5 mi) of 
braided passage that feeds diffuse flow springs. 


The most significant controls on flow-type are the types 
of recharge and storage, as discussed by Smart & Hobbs 
(1986). These most influence the degree of variability of 
water chemistry and the magnitude, timing, and duration of 
response of springs and wells to storms. For very large 
ground-water basins there is additional dampening of 
response to storms as a consequence of their sheer size 
and the greater time necessary to transmit the storm input 
to their spring (White, 1988, p. 186-187). Also, individ- 
ual storms will tend to overlap and seasonal trends will 
comprise the most obvious part of the annual record. 


A quick, inexpensive way to distinguish between a conduit- 
flow spring and a diffuse-flow spring is to observe its turbidity 
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and to measure its specific conductivity before, during, and 
after several large storms. If the spring is characterized by 
conduit flow, the water will be turbid; the coefficient of 
variation (standard deviation + mean x 100) of its specific 
conductivity will be 10 to more than 25 percent. If the spring 
is characterized by diffuse flow, its water will always be clear 
to slightly turbid; the coefficient of variation of its specific 
conductivity will be less than 5 percent (Quinlan and Ewers, 
1985). Remember, however, that conduit flow and diffuse flow are 
end-members of a continuum. Many springs are fed by a mixture of 
both types of flow (White, 1988, p. 183-187). 


Ground-water flow in conduits and fractures of karst aquifers 
differs radically from flow in other aquifers. Most commonly, it 
is to springs by way of caves. Such flow is generally faster 
than in other aquifers; extreme velocities of 2300 m/hr (7500 
ft/hr) have been observed, while a range of 10 to 500 m/hr (30 to 
1500 ft/hr) is typical for many conduits (Quinlan & Ewers, 1985, 
Ds 202) « [The latter two flow velocities are equivalent to 
approximately 90 and 4400 km/year (55 and 2700 mi/year).] Thus 
the effects of leakage or a spill of hazardous material on water 
quality in a karst aquifer can be sensed at great distances in 
less than a day. Conceptual and porosity relations between 
conduit-flow aquifers, fractured aquifers, granular aquifers, and 
diffuse-flow aquifers are shown in Figure 1. 


GRANULAR 
Pores 
DIFFUSE 
Poorly 
FRACTURED Integrated 
Parallel Plates Pores, Joints, 

(Joints and and Tubes 

Bedding 

Planes) CONDUIT ° 

Tubes 

Figure 1. Relation between four major types of aquifers and the 
dominant porosity geometry in each. This is a tetrahedral 


continuum. (after Quinlan & Ewers, 1985) 
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Waste-disposal facilities should not be located within a 
karst terrane unless one is willing to risk sacrificing the use 
of at least part of the subjacent karst aquifer as a source of 
potable water. This is a high risk, almost a certainty. Never- 
theless, many facilities already exist within a karst environ- 
ment, and hazardous materials are disposed of without supervision 
by a karst-aware hydrologist. Also, hydrologists are rarely con- 
sulted in the selection of a proper site for an accidental spill 
of hazardous material’ 


Immediately beneath the soil and overlying a domain of 
horizontal flow in diffuse-flow and conduit-flow systems, is the 
epikarst (also known as the subcutaneous zone). It comprises the 
strongly karstified water-bearing rock in the vadose zone beneath 
the soil and above the phreatic zone, but it may be separated 
from the phreatic zone by tens to hundreds of feet of dry, 
inactive, waterless bedrock that is locally breached by vadose 
percolation. Commonly, the epikarst is 3 to 10 m thick (10 to 30 
feet). Williams (1983) estimates that 50 to 80 percent of the 
dissolution done by recharging waters takes place in this inter- 
val. Thus its storativity and transmissivity are significantly 
greater than in the subjacent, less karstified, relatively dry 
rock in the vadose zone. The peculiar hydrology of the epikarst, 
and how it differs from that of the diffuse-flow and conduit-flow 
part of karst aquifers, has been discussed by Williams (1983), 
Friedrich (1981), Gouisset (1981), Headworth et al. (1982) and 
Walsh and Puri (1985). 


The complex relations between hydrology, landforms, and 
stratigraphy in karst developed in gently-dipping rocks in a low- 
relief terrane are shown schematically in Figure 2. The cave 
stream is recharged through the soil, by sinking streams, seepage 
through bedrock, and underground tributaries. Flow is integrated 
at a trunk stream that ultimately discharges at a spring. Many 
analogies can be made between the hydrology of cave rivers and 
surface rivers. The terrane shown is hypothetical, but represen- 
tative of karst terranes in much of the midwestern United States. 
Ten different types of ground-water flow are shown; most of them 
are discussed by Gunn (1986) and White (1988). A comprehensive 
discussion of this figure is beyond the scope of this document. 


Additional concepts of karst hydrology will be introduced in 
the discussion of where to monitor for pollutants and background. 
Case histories will be cited to illustrate these concepts. 

DESIGN OF MONITORING SYSTEMS IN KARST TERRANES 
WHERE TO MONITOR FOR POLLUTANTS 
The ground-water monitoring regulations specified by RCRA for 
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Figure 2. Relations between hydrology, landforms, and stratigraphy in a hypothetical 
karst terrane developed in gently-dipping rocks of a low-relief landscape. [greatly 
modified from Gunn (1986) which is greatly modified from Smith et al. (1976) ] 


treatment, storage, and disposal facilities (TSDF’s) (40 CFR Part 
264, Subpart F; and Part 265, Subpart F) prescribe a minimum of 
four wells to be installed at a facility to be monitored--one 
well upgradient and three wells downgradient, commonly near the 
facility boundary and almost always on the facility property. 
Sampling is to be performed annually, semi-annually, and perhaps 
quarterly, but rarely as often as monthly. Monitoring wells 
installed and sampled in this manner in most karst terranes will 
generate great amounts, of carefully collected, expensive data, 
most of which are useless because the wells usually fail to in- 
tercept the contaminants they are intended to detect. They fail 
to do so because the wells do not encounter the flow lines (cave 
streams) draining from a site; if they do intercept them, an 
insufficient number of samples is taken at inappropriate inter- 
vals and at the wrong time (Quinlan & Ewers, 1985; Quinlan and 


Alexander, 1987). 


The easiest and most reliable sites at which to monitor 
ground-water quality in a karst terrane are springs and directly 
accessible cave streams shown by dye-tracing to drain from the 
facility being evaluated (Quinlan & Ewers, 1985). It is, how- 
ever, naive, erroneous, and dangerous to assume that all or most 
of the springs that must be regularly sampled during tracer tests 
and ground-water monitoring are indicated on U.S. Geological Sur- 
vey (USGS) 7.5-minute topographic quadrangles. Experience in 
numerous karst areas has shown that only about 5 percent of the 
springs discharging non-isolated local flow are shown on maps. 
Inclusion of a spring on a topographic map is not necessarily an 
indicator of the significance of its discharge. Many trivial 
springs are included on a map because of their cultural associa- 
tions. Field work to discover springs is mandatory; there is no 
substitute! 


The preferred alternative to the use of springs as monitoring 
sites is a suite of wells that intercept cave streams shown by 
tracing to flow from the facility. Cave streams may be difficult 
or impossible to find with traditional geophysical techniques. 
New techniques such as the use of streaming potential (measure- 
ment of the electrical potential-gradient caused by displacement 
of ions from fissures and rock grains as water moves from a 
recharge area to a discharge area; Lange, 1988; Lange & Quinlan, 
1988) and acoustic detection (measurement of sound waves caused 
by the knocking of pebbles against one another during saltation, 
by cavitating water, or by cascading, riffling, and dripping 
water in partly air-filled cavities) have been tested with 
encouraging results by Lange (1988). Stokowski (1987) has also 
tested streaming potential as a guide to discovery of caves, but 
his results are not supported by his data. Other non-traditional 
geophysical techniques also have promise (Lange, 1988). 


A second alternative for monitoring sites in karst terranes 
is a suite of wells located on fracture traces or on fracture- 
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trace intersections. These wells are usable only if tracer tests 
show a connection with the facility under base-flow as well as 
flood-flow conditions. Although some cave passages are coinci- 
dent with various types of fracture traces and lineaments, not 
all fracture-related features are vertical and therefore directly 
above cave passages (Werner, 1988). Many cave streams are 
developed along bedding planes and are unaffected by vertical 
fractures. This fact lessens the probability that a well drilled 
on a fracture trace, a lineament, or the intersection of such 
linear features will intercept a cave stream. This fact does not 
challenge the well-known correlation of such linear features with 
increased water yields (Parizek, 1976). 


As a third alternative, randomly located wells could also be 
used, but only if tracing has first proven a connection from the 
facility to each of the monitoring wells under various flow con- 
ditions. Domestic, agricultural, industrial, and monitoring 
wells are generally sited where convenient, but for a specific 
purpose. Even though monitoring-well locations are designed for 
detection of contaminants or to intercept contaminant plumes 
oriented parallel to the hydraulic gradient or to be upgradient 
from them, I consider most such wells to be randomly located-- 
unless they were deliberately sited along fracture traces or 
fracture-trace intersections. Throughout this document I use the 


phrase randomly located wells in this sense. Most randomly 
located and nonrandomly located wells were not intended for 
aquifer-testing or dye-tracing, but they can be so used. Such 


wells can not be used as monitoring wells for a facility ina 
karst terrane unless they have been shown to be positive for 
tracer released at or very near the facility to be monitored. 


At most locations in karst terranes, proper and reliable 
monitoring can only be done at sites outside the boundary of a 
facility. Frequently this monitoring can only be done at places 
up to several kilometers away from the facility. 


WHERE TO MONITOR FOR BACKGROUND WATER QUALITY 


Springs, cave streams, and wells in settings geochemically 
and culturally similar to the traced monitoring sites are the 
only suitable places to monitor background water quality. MThis 
is true, however, only when these places have been shown by care- 
fully designed, repeated dye-traces done under conditions ranging 
from base flow and flood flow not to drain from the facility. 
There may be no obvious place that can be monitored for back- 


ground water quality. This is especially’ true for a facility 
located on a hill that is also a potentiometric high and charac- 
terized by radial flow of ground water. If randomly located, 


non-traced wells are irrelevant for monitoring possible contami- 
nants in karst ground water, they are equally irrelevant for 
monitoring background for contaminants. 
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One must be exceedingly cautious in interpreting negative 
results of a tracer test. Only some springs and randomly located 
wells that are negative for dye in a judiciously designed, prop- 
erly executed trace are in settings geochemically and culturally 
similar to those of the monitoring wells. Use of such springs 
and wells for monitoring background when no other monitoring 
sites are available is rational, but not specifically addressed 
by current regulations. 


Background data at a new facility can also be obtained from 
wells that are monitored before, during, and after storms. 
Ideally, this will be for at least a year before operations 
begin. This duration would probably detect storm-related and 
seasonal trends in water quality. Analysis of continuous records 
of stage in these wells can be used for selection of storm- 
related sampling frequencies and for possible differentiation of 
wells into several categories that are based on hydrographic and 
chemical responses to storms. Traces should be run during that 
year-long period in order to demonstrate the presence or absence 
of connections between the various wells and the facility to be 
monitored. If a well does not test positive for dye after allow- 
ance is made for probable flow velocity, it can not be considered 
to be an effective part of a monitoring system. If none of the 
wells, or an insufficient number of wells to which traces are 
attempted, tests positive for dye, an effective monitoring system 
does not exist; one probably does not understand the hydrogeology 
of the facility. New hypotheses about flow must be devised and 
tested in order to verify the correctness of the understanding of 
its hydrogeology. 


There are problems associated with the validity of statisti- 
cal comparison of data from background wells with purportedly 
relevant data from monitoring wells. No matter what sophis- 
ticated statistical tests "prove", if common sense and field 
observations demonstrate that samples from monitoring sites and 
background sites are taken from the equivalent of two different 
populations, the statistical analyses are invalid. EPA, in 
recognition of problems of comparability, has been seeking ways 
to make objective, valid comparisons. It has proposed the 
concept of "ground-water trigger-levels" for determining if a 
facility is in compliance with regulations. State agencies are 
to set trigger-levels for compounds and metals after critical 
review of data on their toxic effects on health of people and 
aquatic life. If the trigger-level of a compound or metal is 
exceeded in a monitoring well for a facility, an investigation of 
possible sources must be made (U.S. Environmental Protection 
Agency, 1988, p. 33370-71). No matter what concept of background 
is used, and no matter what the concept of background evolves to, 
there is still the problem, addressed herein, of validly 
comparing two sets of water-quality data which may not be related 
in any way. 
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DISCUSSION OF WHERE TO MONITOR FOR POLLUTANTS AND BACKGROUND 


All six types of monitoring sites and background sites-- 
springs, directly accessible cave streams, wells drilled to cave 
streams, wells drilled on fracture traces, wells drilled on 
fracture-trace intersections, and wells drilled randomly--must be 
tested by tracing, not only during moderate flow but also dur- 
ing flood flow and base flow, in order to prove the usefulness of 
these sites for monitoring. This must be done during the 
extremes of expected flow conditions because flow routing in 
karst terranes commonly varies as stage changes. During flood 
conditions the water level in conduits will rise. Some of the 
water may temporarily move through conduits that are dry during 
low-flow conditions and be switched (decanted) into adjacent 
ground-water basins, thus being temporarily diverted by them. An 
example of such hydraulic switching is depicted in Figure 3. 
During moderate and flood flow, water draining from Park City and 
from the west boundary of Cave City in the Turnhole Spring 
ground-water basin may flow via intermediate-level and high-level 
crossover routes (shown by the north-trending dashed lines with 
arrows) to as many as three other basins (#4, Sand Cave; #6, Echo 
River; and #7, Pike Spring, as indicated by the short, north- 
trending arrow that crosses the boundary of the ground-water 
basin at the south end of Roppel Cave). These three subsurface 
diversion routes are also shown more schematically in the western 
third of Figure 4. They are part of the distributary with 12 
springs. Other more complex examples of hydraulic switching are 
known (Smart & Ford, 1986; Smart, 1988a, 1988b). 


Another peculiarity of water movement in many karst aquifers 
is distributary flow. An underground distributary is a dispersal 
route analogous to the distributary at the mouth of a major river 
that empties into a sea. However, its origin is different, as 
discussed by Quinlan & Ewers (1985, p. 205, 207) in their 
description of the similarities between surface rivers and large 
underground rivers. Figure 4 shows numerous distributaries in 
the Mammoth Cave area. The positions and geometry of the under- 
ground branchings shown are schematic, but their existence has 
been confirmed by cave-mapping and by dye-tracing. Some of these 
underground flow paths have been mapped. Knowledge of the occur- 
rence and functioning of distributaries is important in the de- 


... .....95 .. £a A . os + ok 
It would be interesting to make an analysis of the similarities 


between hydraulic switching in caves and the principles of 
fluidics (fluid logic circuits that can be used for sensing, 
logic, memory, timing, and interfacing; Esposito, 1980, p. 338- 
367). The whimsical idea of a cave as a giant fluidic computer 
is reminiscent of Douglas Adams’s proposal that the Earth is a 
giant organic computer designed to calculate the Question to the 
Ultimate Answer (Adams, 1980, p. 181-183). 
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Figure 3. Hydrology of the Turnhole Spring ground-water basin, 
the major basin draining into Mammoth Cave National Park, 
Kentucky. Beds dip north at about 11 to 40 m/km (60 to 210 
ft/mi). (after Quinlan & Ewers, 1985) 
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sign of a monitoring system in a karst terrane because pollutants 
from a point-source in the headwaters or mid-reaches of a ground- 
water basin or subbasin may flow to all springs in its distribu- 
tary system or subsystem during periods of high stage. For 
example, pollutants reaching ground water beneath a point-source 
in the east-central area of Figure 4 south of Green River would, 
depending upon flow conditions, disperse to as many as 52 springs 
in 19 isolated segments along a 19 km (12 mi) reach of Green 
River. Part of this distributary is shown also in Figure 5. Not 
all springs between the extremities of a distributary are 
necessarily a part of the distributary. 


The extent to which ground-water basins and their subsurface 
flow routings can be deciphered by tracing, mapping of the poten- 
tiometric surface (water table), and mapping of caves is shown in 
Figures 3 and 5. The east half of Figure 5 summarizes some of 
the results of a study of the dispersal of heavy metals froma 


e Spring or Springs 
>< Distributary (Schematic) 
2 Number of Distributary Springs 
---- Cross-over Route 
fe} 3 Miles 
O 5 Km 


Figure 4. Distributary springs along Green River in the Mammoth 
Cave area, Kentucky. The numbers indicate the total number of 
springs in a given distributary system or subsystem. The west- 
ernmost large distributary, with 12 springs, is a schematic 
representation of part of the Turnhole Spring ground-water basin 
shown in Figure 3. (after Quinlan & Ewers, 1985) 


13 


oT 


TRACED FLOW ROUTE 


TRACED OVERFLOW ROUTE 
(LOW-LEVEL) 


SEWAGE TREATMENT PLANT 
SPRING WITH SEWAGE EFFLUENT 


OTHER SPRING OR SPRINGS 


CAVE . 
CAVE (NOT MAPPED) 


WELL SAMPLED FOR HEAVY 
METALS 


OTHER WELL 


POTENTIOMETRIC CONTOURS 
(CONTOUR INTERVAL = 20 FEET) 


GROUNDWATER BASIN BOUNDARY 


EAST BOUNDARY OF MAMMOTH 
CAVE NATIONAL PARK 


i?) 5S KILOMETERS 
eee neon! 


5 MILES 


Figure 5. Ground-water flow routes, potentiometric surface, and pollutant dispersal 
in the vicinity of the towns of Horse Cave (in the east-central part of the map) and 
Cave City (in the south-central part of the map), Kentucky. Wells are shown as an 
indicator of the amount of data used to map the potentiometric surface. Part of the 
east half of Figure 3 overlaps the west half of this map. The outline of Cave City 
is in both figures. (modified from Quinlan and Ewers, 1985) 


metal-plating plant; the metals had been discharged into the 
ground (in concentrations of more than 10 mg/l via a municipal 
sewage treatment plant at the town of Horse Cave. (The outline 
of the town is just east of the center of the map.] A study of 
the chemistry of water from springs, wells, cave streams, and the 
west-flowing Green River showed that effluent from the sewage 
treatment plant flows underground 1.6 km (1 mi) northeast to the 
unmapped cave beneath the town and then, depending upon stage, to 
a total of as many as 46 springs in 16 segments along an 8 km (5 
mi) reach of the river, about 7 km (4 mi) to the north (Quinlan & 
Rowe, 1976). None of the 23 wells monitored for heavy metals 
during base flow showed concentrations higher than background 
levels, but they should have been sampled also during flood-flow 
conditions, when water movement might have been reversed from the 
trunk conduit to some of the wells (Recker et al., 1988). 


Figure 6 shows complex, radial flow of ground water in fault- 


ed, flat-lying rocks in the Ozarks of Arkansas. The divergent 
results of six dye-tests, four of which are within a mile of a 
proposed landfill, are summarized in this figure. Although the 


flow routing in Figure 6 is more complex than that shown in 
Figures 3 and 5, the routing illustrates the advocated maxin, 
"Monitor the springs!" Monitoring wells that could be drilled on 
fracture traces at the proposed landfill site might detect 
seepage of leachate from it, but there is no means--other than by 
tracing--to identify correctly and conclusively the places to 
which leachate would (and probably would not) flow. Stated 
another way, no matter how superbly efficiently the hypothetical 
monitoring wells on the landfill property were able to detect 
leakage from the landfill--assuming, for sake of discussion, that 
they would function so reliably--there is no way, other than by 
dye-tracing or by monitoring of numerous springs and wells off 
the property, that one could discover the many consequences of 
leakage from the proposed landfill! 


All four wells at the town of Pindall (Figure 6), which were 
pumped continuously during the dye-trace from the east boundary 
of the landfill site (the first trace run), tested positive for 
dye. By inference, if other wells in the town had been pumped 
continuously, many of them, perhaps all, would have been posi- 
tive. Note that none of the four wells immediately east and 
southeast of the first dye-injection site and neither of the two 
wells immediately west of the western dye-injection site were 
positive for dye during the first test. [None of these six wells 
was sampled for dye during the five subsequent tests. ] During 
the second and third dye-tests, in which dye was injected 1.6 km 
(1 mi) east and west of the proposed landfill site, respectively, 
only two wells at Pindall were pumped continuously. The south- 
ernmost well there was positive for dye in both tests, as shown; 
the easternmost well was ambiguous for dye from the east and 
negative for dye from the west. The high-yield well on the 
fracture trace (at F) was positive for dye from the second, 
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Figure 6. 


third, and sixth dye-tests, but negative for dye from the first, 
fourth, and fifth. Dye recovery from this well during the first 
test was probably hampered by the effects of chlorine added to 
the well water; chlorine may react with tracer dyes and can 
destroy low concentrations of any that are present (Smart & Laid- 
law, 1977). The difference in tracer results at the high-yield 
well may also have been a consequence of greater efficiency in 
sampling and analysis during these latter tests and of the use of 
the writer’s pumped-well dye-sampling device (Aley et al., 1989). 
The results of the fourth and fifth dye-tests are consistent with 
the hypothesis that Mitch Hill Spring is fed by deep, complex 
circulation of ground water which is recharged near faults, 
lineaments, and fracture traces (Aley, 1988). The implications 
of these dye-test results for wellhead and springhead protection 
are discussed by Aley (1988) and Quinlan, Aley, and Schindel 
(1988). [(Dye-trace results from the first test were instrumental 
in the 1987 defeat of a proposal to use this site as a landfill.] 


Dye for the six traces near Pindall was injected near the 
headwaters of several surface streams and at low- to moderate- 
flow conditions. The results might be different if the dye-tests 
were run during base-flow and flood-flow conditions, but flow 
would still be radial. 


Radial flow occurs in many karst terranes and has also been 
documented in them at waste disposal facilities (Quinlan & Ewers, 
1985, p. 214-219; Aley, 1988); it tends to be associated with 
locations on topographic highs. When evaluating a facility by 
dye-tracing, one must keep an open mind and place dye-detectors 
at not only the logical, obvious places, but also at the illogi- 
cal, the unlikely, and the "No, it couldn’t ever go there" 
places. The cliché "Expect the unexpected" applies, no matter 
how experienced one is in tracing. 


It is tempting and all too easy to take what I think is false 
comfort in the interpretation of negative tracing results to a 
well to mean that a waste disposal facility and its liner (if 
present) are functioning as designed. More specifically, it is 
easy to say that a facility is either not leaking or is adequate- 
ly attenuating everything put into it, but I think it is naive to 
say so unless one is extremely and justifiably confident in the 
validity of the tracer-test results (Quinlan, Ewers, & Field, 
1988). Alternatively, the negative tracing results could just as 
logically be a consequence of monitoring for dye in wells that do 
not intersect that part of the aquifer in which ground water 
actively circulates. In most karst terranes, the latter explana- 
tion is more likely to be correct. If water is not standing on 
the ground in pools or ponds, infiltration must be flowing some- 
place. If infiltration is flowing someplace, an uncapped facil- 
ity is probably leaking to somewhere. 


Sometimes there is resistance on the part of owners/operators 
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to the performance of a dye-test from their facility or its 
immediate vicinity. This resistance is based on their fear that 
environmental administrators and the public would judge that the 
rate of flow of dye from an adjacent sinkhole, for example, to a 
spring would be interpreted to be the same as the rate of leakage 
from the facility. The rates are not necessarily the same. But 
it is essential to perform the trace so that the consequences of 
possible leakage become known before leakage actually occurs. 
The sinkhole is used as an injection-site because flow velocities 
from it will probably be more rapid than through a liner and 
because of the economic constraints of investigation time. In 
such a situation, the most important monitoring question about 
leakage is where to, not when or how fast. 


In some epikarsts and soil zones characterized by diffuse 
flow, it may be possible to determine the optimal location for 
reliable monitoring wells by applying standard, topography-based 
principles of well-siting developed for non-karst terranes. 
Springs may be unreliable monitoring sites because of the long 
residence time of pollutants "hung-up" in the epikarst. Not 
enough research has been done on monitoring of epikarsts to 
formulate specific protocols for optimally doing so. 


RELEVANCE OF OFF-FACILITY MONITORING TO RCRA REGULATIONS 


Although no EPA regulations specifically sanction the moni- 
toring protocols recommended herein for karst terranes, these 
protocols are not inconsistent with any EPA regulations. The 
following paragraphs discuss how the existing regulations can be 
interpreted as relevant to these protocols and to off-facility 
monitoring. 


Conventional monitoring practice and EPA regulations for 
RCRA, 40 CFR Section 264.95, require that ground-water monitoring 
be done at the compliance boundary of a treatment, storage, and 
disposal facility (TSDF). Whenever hazardous constituents from a 
regulated unit exceed concentration limits in ground water (set 
under Section 264.94) in wells located between the compliance 
point (under Section 264.95) and the property boundary downgradi- 
ent from a facility, the owner or operator must institute a 
corrective action program (under Section 264.100). The concept 
of off-facility monitoring is not mentioned or implied, but the 
RCRA TEGD for ground-water monitoring recommends that "Geologic 
environments with discrete solution channels such as Karst 
formations must have detection monitoring wells located in those 
solution channels likely to serve as conduits for contamination 
migration." (Office of Waste Programs Enforcement and Office of 
Solid Waste and Emergency Response, EPA, 1986, p. 47). 


It has been shown that analysis of off-facility water samples 
from traced-springs, -cave-streams, and -wells may be the only 
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way to reliably detect and monitor whether the facility is 
leaking (Quinlan & Ewers, 1985; Quinlan, 1988a; Aley, 1988). 
Achievement of the recommendation of the TEGD is most practically 
and most economically achieved by following the strategy these 
authors advocate. The non-traditional geophysical techniques 
described by Lange (1988) and Lange and Quinlan (1988) may 
expedite finding the conduit to be monitored, but these techni- 
ques are still in a developmental stage and there are limitations 
on their applicability. Also, even if a large water-filled 
conduit is found by geophysical techniques, it must be tested by 
tracing. 


I do not believe that lack of specific mention in the RCRA 
regulations of monitoring at springs, cave streams, and traced 
wells prevents their use. Why? Section 264.97(a) of RCRA regu- 
lations requires that a ground-water monitoring system consist of 
a sufficient number of wells, installed at appropriate locations 
and depths to yield ground-water samples that represent back- 
ground water quality not affected by the regulated unit represent 
the quality of water passing the point of compliance. I contend 
that unless downgradient and upgradient wells intercept a cave 
stream (not necessarily the same cave stream) they are incapable 
of doing what they were intended to do; there is an insufficient 
number of wells unless one or more of them intercepts a conduit 
that is traced from the facility to be monitored. 


I believe that dye-traced springs and cave streams must be 
recognized as valid, essential components of a ground-water moni- 
toring system in a karst terrane. Section 264.97(d) requires 
that the ground-water monitoring program include consistent 
sampling and and analysis procedures designed to ensure monitor- 
ing results that provide a reliable indication of ground-water 
quality below the waste-management area. In karst terranes such 
reliable indications are most easily and best obtained from 
springs, cave streams, and wells drilled to intercept them. The 
relevance of such interceptions must be proven, however, by 
tracing. 


Additional support for monitoring at traced-springs and 
-cave-streams, rather than at randomly located wells, is implict- 
ly but strongly given by other RCRA regulations such as 40 CFR 
Section 270.14(c), which is concerned primarily with site char- 
acterization. Subpart (c)(2) of this regulation requires iden- 
tification of the uppermost aquifer and aquifers hydraulically 
interconnected beneath a facility property, determination of 
ground-water flow direction and flow rate, and statement of the 
basis for the conclusions of hydrogeologic investigations of the 
facility. In most karst terranes, an approximation of the 
required flow direction can be obtained from potentiometric data 
but it should be confirmed by tracing. Flow-rate data can be 
obtained only by tracing. 
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Section 270.14(c)(4) requires description of any plume of 
contamination that has entered the ground water from a regulated 
unit and delineation of it on a topographic map. A contaminated 
cave stream is a plume, albeit a confined plume; the only way to 
delineate it is by potentiometric and/or geophysical mapping 
confirmed by drilling (as discussed herein) and by dye-tracing. 
Although Section 270.14(b)(19) states that the required topo- 
graphic map should show the area around a facility to a distance 
of 1000 ft (305 m) from its boundary, it would be reprehensibly 
legalistic and short-sighted to map a plume to that boundary and 
stop. Such a map would imply that the plume ceased to exist at 
the boundary or ceased to be the responsibility of the owner/ 
operator. The plume should be mapped farther, to its end at a 
spring, when it is technically feasible to do so. The polluted 
spring will contaminate surface waters. 


Section 270.14(c)(5) requires detailed plans and an engineer- 
ing report describing the proposed ground-water monitoring 
program to be implemented to meet the requirements of Sections 
264.97(a) (2) and 264.98(b). These two Sections require that the 
monitoring system represent the quality of ground water passing 
the point of compliance. Since the water flowing from the 
facility is in a conduit or in a zone of diffuse flow that may 
include a conduit, wells must be drilled to intercept and monitor 
it. Substitution of monitoring of a spring for monitoring of a 
well drilled perhaps 30 m (100 ft) from its point of discharge 
would be logical, cost-efficient, and not inconsistent with 
existing regulations. 


WHEN TO MONITOR FOR POLLUTANTS AND BACKGROUND 


Current conventional monitoring protocol generally requires 
well sampling annually, semi-annually, occasionally quarterly, 
and rarely as often as monthly. This is reasonable in most non- 
karst terranes. In karst terranes, however, even at springs and 
cave streams judiciously and correctly selected as monitoring 
sites by the dye-tracing procedures recommended herein, by Quin- 
lan & Ewers (1985), and by Aley et al. (1989), the analytical re- 
sults of such regularly collected data can be inadvertently 
misleading. The net result is a waste of time and money. Why? 
If a karst aquifer is characterized by conduit flow, the chemical 
quality of water at a spring to which it drains can be greatly 
affected by the effects of storms and meltwater events (Quinlan & 
Alexander, 1987; Libra et al., 1986; Hallberg et al., 1985). In 
contrast, the water quality of diffuse-flow systems is generally 
only slightly affected (Quinlan & Ewers, 1985). Sampling must 
also be conducted during base-flow conditions and analyses should 
be compared with water quality during and after storms and melt- 
water events. Water quality is dependent upon the type of pollu- 
tant source (point-source vs. nonpoint-source), its volume, and 
its concentration. 
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In order to reliably characterize the natural, storm-related 
variability in water-quality of a spring in a _ conduit-flow 
system, sampling must be done much more frequently than was 
customary in the past. Characterization of water quality, when 
using typical semi-annual sampling for study of a conduit-flow 
system is analogous to estimating annual rainfall of an area 
solely on the basis of rainfall data collected on the same two 
days of each year. 


The effect of sampling frequency on the accuracy of charac- 
terizing and depicting storm-related variability in water quality 
affected by non-point agricultural pollutants is illustrated in 
Figure 7. Data are from the Big Spring basin, Iowa. Figure 7A 
is a composite of three figures published by Libra et al. (1986). 
Discharge was recorded continuously. Pesticides were sampled up 
to 6 times per day, nitrate was sampled up to 20 times per day, 
and suspended sediment was sampled up to 17 times per day, 
depending upon stage (Bernard E. Hoyer, Iowa Geological Survey, 


Iowa City, oral communication, 1987). For the sake of discus- 
sion, however, assume that these parameters were monitored 
continuously for the lli-day interval shown. Assume also that 


apparent variations in water quality as a result of its natural 
variability, the statistics of sampling and analysis, and 
analytical error are trivial--even though they possibly are not. 
The most important thing to be seen in Figure 7A is that pesti- 
cides and suspended sediment have a maximum that approximately 
coincides with that of the discharge. Nitrate, however, has its 
minimum when the others are at a maximum, and reaches its own 
maximum several days later when the others are approaching their 
low pre-storm values. The reasons for this peculiar lack of 
synchrony are discussed elsewhere (Libra et al., 1986; Hallberg 
et al., 1985; Quinlan & Alexander, 1987). Note also that 
pesticide concentrations increased by more than an order of 
magnitude during and after the storm. Such storm-related 
variation in nonpoint-source pollutants is common, but longer 
term precipitation-related variation in what can falsely be 
called "background" for pesticide concentration may range over 
more than three orders of magnitude at some sites in just a few 
months (Quinlan & Alexander, 1987). 


Figures 7B through 7F are based on the data represented in 
Figure 7A, but they assume "sampling" at intervals of 12, 24, 48, 
and 96 hours. For the storm event that occurred, sampling at 48- 
hour and 96-hour intervals (Figures 7E and 7F) is totally incap- 
able of suggesting any significant change in water quality. The 
24-hour sampling frequency (Figures 7C and 7D) is better, but the 
midnight samples happen to miss the decrease in nitrate and most 
of the increase in pesticides. Even a 12-hour sampling interval 
(Figure 7B) is only a crude approximation of the continuous 
sampling represented by Figure 7A. 
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Figure 7. Water quality and discharge during a 1984 storm in a 
karst aquifer characterized by conduit flow, Big Spring ground- 
water basin, Iowa. The data shown in A are assumed to be 
accurate and continuous. Figures B through F show the same data 
which are "sampled" at the indicated intervals and are derived 
from A which is composited from 3 figures in Libra et al. (1986). 
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In September 1987 the EPA announced proposed standards for 
the concentration of various pesticides in ground water. For 
atrazine, a herbicide used to control weeds in corn, sorghun, 
sugarcane, pineapple, and citrus groves, the maximum allowable 
concentration is 3 parts per billion (ppb) (Office of Drinking 
Water, EPA, 1987). About 90 percent of the pesticides found in 
Big Spring basin are atrazine. Therefore, the peak pesticide 
concentrations shown in Figures 7B, 7C, and 7A are about 4 to 6 
times higher than this 3 ppb limit. Midnight sampling barely 
detected violation of the 3 ppb maximum (Figure 7D); the 48-hour 
and 96-hour sampling (Figures 7E and 7F) totally failed to do so. 


It is to be stressed that the "optimal sampling frequency", 
however defined and determined, will vary with the event, 
pollutants to be monitored, discharge, flow dynamics, and flow 
type (conduit flow versus diffuse flow) of the karst aquifer 
studied, as well as whether one is trying to sample for point- 
source or nonpoint-source pollutants. For example, the proper 
sampling frequency necessary to accurately characterize changes 
in the chemical composition of spring discharge affected by 
nonpoint agricultural pollution in the Big Spring ground-water 
basin (and in many other conduit-flow basins in the Mammoth Cave 
area and elsewhere) will, for similar storms and similar antece- 
dent moisture conditions, be far more than is necessary to give 
the same accuracy of characterization at the diffuse-flow springs 
draining the Edwards aquifer in Texas, the Floridan aquifer, and 
much of the Ozarks of Missouri and Arkansas. Another example: 
For a given spring and a given set of antecedent precipitation 
conditions, the optimal sampling frequency for detection of 
leakage from a landfill would be affected by the thickness and 
integrity of its cover and the distance of the landfill from the 
spring. Therefore, one would be wise to allow for a possible lag 
of pollutants behind maximum discharge in response to rain 
storms. The optimal sampling frequency at such a landfill could 
be different from that for point-source contamination such as a 
spill of hazardous materials along a highway. 


Perhaps the most economical solution to water quality prob- 
lems caused by storm-related or meltwater-related pulses of water 
that exceed proscribed limits or guidelines for one or more 
pollutants is to temporarily divert the potentially polluted 
water out of the water-supply circuit (Quinlan & Alexander, 
1987). Study would first be needed to identify which pollutants 
are present in such waters, when (relative to the hydrograph 
peak) they reach their maximum concentration, whether it is 
practical to continuously monitor for them or a surrogate, or 
whether it is best instead to divert stormwater and meltwater 
when stage and other flow-related parameters reach certain 
critical values. 


Statistical procedures for designing and evaluating sampling 
strategies are available (Sanders et al., 1983; Gilbert, 1987; 
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Makridakis et al., 1983; Chatfield, 1984; Bendat & Piersol, 1986; 
Gibbons, 1987; Montgomery et al., 1987; Rouhani & Hall, 1988), 
but they are complex. 


Until an acceptable, economically realistic, reliable pro- 
cedure for sampling ground water in karst terranes is developed 
and tested, probably the best protocol is that proposed and 
discussed by Quinlan & Alexander (1987, p. 281). In brief, 
sampling, especially for nonpoint-source pollutants, should start 
at base flow, before ‘the beginning of a storm or meltwater event, 
and continue until 4 to 30 times the time from the start of 
hydrograph rise to the time of its crest, depending upon the 
extent to which an aquifer is characterized by conduit flow or 
diffuse flow. Sampling may have to be done as often as at 1- to 
6-hour intervals in the early part of a precipitation event and 
at 4- to 24-hour intervals in the recession limb of its hydro- 
graph. Appropriate sampling frequency can be determined by 
analysis of either continuous records of stage and specific con- 
ductivity or hourly readings for them. 


After an event, the decision about which samples to analyze, 
if any, should be based on a careful evaluation of the signifi- 
cance of the event, interpretation of data from previous events, 
and an estimation of the data needed to characterize the monitor- 
ing site. Many samples, sometimes all, can be rightly discarded. 
Hard, judicious decisions must be made. These analytical data 
must be compared with those for samples taken several times per 
year during base flow, storms, and meltwater events. Only then 
can one possibly make a reliable assessment or characterization 
of the true quality of water draining from a facility. After 
several years of data have been accumulated and the aquifer 
behavior is understood, sampling frequency may be decreased. 


On the basis of conceptual models and limited data, I believe 
that monitoring in karst terranes characterized by diffuse flow 
is easier and cheaper than in those characterized by conduit flow 
because fewer samples are required. Also, the more a karst aqui- 
fer is characterized by diffuse flow, the higher the probability 
that fracture-trace-sited wells and randomly located monitoring 
wells can be used reliably. All wells proposed for monitoring 
use, however, must still be tested positively by tracing. This 
tracing adds time and cost to the design of a monitoring systen, 
but in the long run, it is cheaper to design it properly. 


Much remains to be learned about when to sample ground water 
in karst terranes. The likely possibility for either deliberate 
or inadvertent acquisition of falsely negative or falsely 
positive data from them makes it imperative that people in charge 
of sampling and officials in charge of evaluation of sample data 
have an understanding of karst problems. They should carefully 
scrutinize all analytical results from such terranes. 
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APPLICABILITY OF RECOMMENDED TRACED-SPRING, -CAVE-STREAM, 
AND -WELL MONITORING STRATEGY 


The applicability of the traced-spring, -cave-stream, and 
-well monitoring strategy and the conventional (randomly located 
well) monitoring strategy in various types of aquifers is shown 
in Figure 8. Both monitoring strategies may be applicable in 
some fractured aquifers, some diffuse aquifers, and some karst 
aquifers. It is to be stressed that there are some diffuse-flow 
karst aquifers in which the traditional randomly located well 
strategy works efficiently and is better (Beck, 1986; Waller & 
Howie, 1988; Benson et al., 1988). 


The recommended monitoring strategy is not applicable univer- 
sally. But it is applicable in all diffuse-flow and conduit-flow 
aquifers that drain to springs which discharge on land or along 
the shores of streams, rivers, lakes, or seas. Accordingly, the 
strategy is applicable in most karsts of the following 16 states 
that have significant amounts of karst: New York, Pennsylvania, 
Maryland, West Virginia, Virginia, Tennessee, Georgia (Appalach- 
ians), Alabama, Kentucky, Indiana, Arkansas, Missouri, Iowa, 
Minnesota, Texas, and Oklahoma. Their karst terranes are char- 
acterized by local recharge and discharge. Many of these states 
include some of the more densely industrialized and populated 
areas of the U.S. Karst comprises approximately 25 to 30 percent 
the total area of these states. 
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Figure 8. Tetrahedral continuum between four major types of 


aquifers, dominant pore geometry in each type of aquifer, appli- 
cability of the traced-spring, -cave-stream, and -well monitoring 
strategy in each type of aquifer, and applicability of the 
traditional monitoring technique (using randomly located wells) 
in each type of aquifer. The direction of increasing hydraulic 
conductivity of each aquifer is shown by the arrows. (modified 
from Quinlan & Ewers, 1985) 
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The recommended monitoring strategy is applicable only 
locally in parts of the Floridan aquifer of Florida and in Puerto 
Rico. In both areas there is significant discharge at springs. 
The strategy is not applicable in karst terranes that are merely 
recharge areas of regional aquifers such as the Upper Floridan 
aquifer of Florida, Georgia, and South Carolina. It is also min- 
imally applicable in karsts mantled by glacial sediments and in 
which discharge is diffuse, into sediment and/or bodies of water, 
rather than at discrete springs. I estimate that these karsts 
comprise about 30 percent of the total area of these states. 


The strategy would be applicable in most of the Edwards 
aquifer of Texas, much of the Upper Floridan aquifer, and part of 
the North Coast limestone aquifer of Puerto Rico where flow is to 
springs at the surface, and where most springs are diffuse-flow 
rather than conduit-flow. Although much of each of these 
aquifers is characterized by sponge-like permeability, many of 
their springs are fed by conduits that are commonly braided 
(anastomosed) (Veni, 1988; Beck, 1986, p. 240; Wilson & Skiles, 
1988; Stone, 1989). Accordingly, one might use geophysical 
techniques for trying to find the main conduit and drill to 
intercept it, but probably it would be missed. Nevertheless, 
monitoring could be successfully accomplished at springs. Wells 
in these sponge-like aquifers could be used as monitoring sites 
only if there were a positive trace to them from the vicinity of 
a facility or from the facility itself during low-, moderate-, 
and high-flow conditions. 


There are numerous small areas of karst in the western U.S., 
but nearly all of them are in isolated, non-industrialized, un- 
populated terranes. 


Research is needed on the distribution of and criteria for 
applicability of the recommended strategy in karsts of the states 
cited in the four preceding paragraphs. 


REGULATORY ASPECTS OF DYE-INJECTION INTO WELLS 


As discussed under the next major heading, dye-tracing 
strategy might include proposals for injection of tracers into 
wells. Strictly speaking, injection of dye or other non-toxic 
tracers into a well, no matter how noble the reason for doing so, 
makes it possible to construe the well to be a Class V injection 
well (a well that is not included in Classes I through IV and 
that generally injects non-hazardous fluid into or above an 
underground source of drinking water; 40 CFR Section 144.6(e)) 
and is thus subject to State and Federal regulations governing 
its use. Also, some state agencies have interpreted tracing 
agents used in ground-water investigations to be pollutants or 
contaminants. If the tracer is toxic, the well would be a Class 
Iv injection well (a prohibited type of well which disposes of 
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hazardous or radioactive wastes into or above a formation within 
1/4 mile (0.4 km) of an underground source of drinking water; 40 
CFR Section 144.6(d)). 


Well-meaning as the above interpretation of regulations for 
injection wells may be, it is not justifiable in terms of 
potential benefits for environmental protection, intent of the 
law-makers, or risk of exposure to pollutants. Like boats put 
into a lake, tracing agents are used in the water for a good and 
definite purpose, not put in it for disposal. And like boats, 
dyes generally used for tracing ground water are benign and 
harmless in the concentrations commonly employed (Smart, 1984). 


Tracing agents are fundamental tools for discovery and 
prediction of the velocity and dispersal-path of pollutants in 
ground water and surface water. Interpretation of data from 
tracer studies makes it possible to protect water quality, public 
health, and aquatic life. Such data are crucial to the develop- 
ment of wellhead and springhead protection strategies and can be 
essential for the calibration of computer models of water flow 
and pollutant movement. Tracing is cost-efficient and is often 
the only way to get critically needed data. 


A further analogy describing the use of tracing agents can be 
made. Doctors use vaccines and a wide range of diagnostic tech- 
niques to prevent and treat illnesses. Some of these vaccines 
and techniques have definite risks associated with their use. 
These risks are assumed by an informed patient because the conse- 
quences of not preventing or not diagnosing an illness far 
outweigh the slight risk from use of the vaccine or diagnostic 
technique. 


If and when state officials establish regulations governing 
the use of dyes or any other ground-water tracer, they should 
require their use by knowledgeable, experienced professionals. 


Additional discussion of regulatory problems concerning the 
use of dyes for tracing ground water, and a recommended solution 
to these problems, is given by Quinlan and Field (1989). 


Many Federal and State agencies have sanctioned the use of 
dye-tracing studies in the study of ground-water pollution and 
time-of-travel of pollutants in rivers. Guidance manuals for 
tracing techniques exist and have been sponsored by EPA (Davis et 
al., 1985) and by the Société Géologique Suisse (Parriaux et al., 
1988). Updated manuals on ground-water tracing have been written 
by the U.S. Geological Survey (under contract to the EPA; Mull et 
al., 1988) and are in preparation for the National Water Well 
Association (Aley et al., 1989). Several manuals on the use of 
dyes for measurement of discharge, time of travel, and dispersion 
in surface streams have been written by the U.S. Geological 
Survey (Wilson et al., 1986; Kilpatrick & Cobb, 1985; Hubbard et 
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@l., 1982). 


The following section on dye-tracing and the design of 
monitoring systems in karst terranes is written on the assumption 
that it is legally permissible to inject dye into wells. Quali- 
fying statements that would be necessary if tracer-injection into 
wells were illegal are omitted for clarity. 


HOW TO DETERMINE WHERE, HOW, AND WHEN TO MONITOR GROUND WATER 
IN KARST TERRANES RELIABLY AND ECONOMICALLY 


INTRODUCTION 


Where to monitor is typically best determined with the aid of 
three types of field investigation: dye-tracing, surveying of 
cave rivers that are shown by tracing to drain from a facility, 
and detailed mapping of the potentiometric surface. 


DYE-TRACING 


Selection of Dye-Injection Sites 


Under ideal circumstances, one can run the dye-tests neces- 
sary for the design of a monitoring system from a perennial 
sinking stream on the facility. Often no stream is available for 
dye-injection. In that situation, one can use tank-trucks of 
water and inject dye at (in decreasing order of desirability) a: 


1. Sinkhole with a hole at its bottom. 


2. Sinkhole without a hole at its bottom; excavation may re- 
veal a hole that can be used. 


3. Losing-stream reach with intermittent flow. 
4. Class V stormwater drainage well. 


5. Well drilled on a fracture trace or a fracture-trace 
intersection. 


6. Abandoned domestic, agricultural, or industrial well. 

7. Well randomly drilled for dye-injection. 

Alternatively, it is sometimes practical (or necessary) to 
trace by injection through the drain field of a septic tank. 
This is a difficult trace to perform; it should be done with 
great care and by experienced personnel. 


Before going to the trouble and expense of dye-tests from 


28 


injection-site types 2 through 7, they should first be given 
either a percolation test or a slug test by injection of potable 
water or a cylinder of known volume in order to determine if the 
well is open to the aquifer and to see how rapidly they drain. 
Alternatively, a pumping test can be run. An electric tape or a 
pressure transducer can be used to determine the rate of water- 
level decline in a well during a slug test; plots of such data 
can be used to select the site that probably has the most direct 
and open connection to the conduits that are the aquifer drains. 
If the percolation test of an injection site shows little or no 


drainage, do not inject dye into it. The procedures for dye- 
tracing with trucked water are discussed elsewhere (Quinlan & 
Ewers, 1985, p. 222; Aley et al., 1989). Wells drilled for dye- 


injection should probably extend about 8 m (25 ft) below the 
potentiometric surface or upper bed that may confine a karst 
aquifer, but this is a site-specific determination. 


It is almost economically impossible to design a dye-trace 
that simulates the conditions beneath a landfill in a terrane 
characterized, for example, by 20 m (60 ft) of residual soil. 
Why? Residuum is anisotropic: The distribution of macropores 
within it is unpredictable. Their permeability may be several 
orders of magnitude higher than that of the bulk of the residuum 
(Quinlan & Aley, 1987). The larger macropores, through which 
fluids move most rapidly, may be several centimeters to several 
meters apart. The problem of intercepting them with a drill hole 
intended for dye-injection is analogous to the problem of search- 
ing for orebodies with a drill hole; only the size of the targets 
and therefore the necessary spacing between holes for the same 
probability of target interception is different. In addition, it 
is likely that the act of drilling or coring through clayey 
residuum, no matter how carefully it is done, will smear many of 
the macropores shut, thus masking their presence. Also, a hole 
drilled for dye-injection is likely to miss the subjacent conduit 
system. A randomly-drilled hole tests only a tiny percentage of 
a facility’s surface and subsurface. 


The relative suitability of different drill holes in residuum 
or bedrock can be evaluated by slug tests, as discussed above. 
If the holes are very close to one another it would be prudent to 
have an electric tape or a pressure transducer in the adjacent 
holes--just to be sure that the rapid fall of the water level in 
the tested hole is not a consequence of leakage into one or more 
of the adjacent holes. 


Instead of using drill holes for dye-jinjection, one might 
excavate a 10 m x 10 m (30 ft x 30 ft) pit to the depth of the 
bottom of a proposed landfill in the example terrane, say 5 m (15 
ft), and carefully construct either a simulated compacted or 
lined bottom of a cell--or try to make an "undisturbed" bottom. 
Even then, one could not be sure of having simulated or tested 
the long-term permeability conditions at the bottom of the land- 
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fill. A similar carefully excavated and constructed pit, if dug 
above a solutionally enlarged joint in the subjacent limestone, 
might leak during the test or several years later. Its failure 
could be hastened by leakage accompanied by synergistic subsid- 
ence or collapse of soil that bridged the joint. 


Whether using a sinkhole, a drill hole, or a pit for dye- 
injection, when designing a dye-trace to evaluate a proposed 
landfill site, it is necessary to: 


1. Assume that the soil or liner has or will have differ- 
ential permeability (leakage) that can not be remediated 
by economically justifiable construction methods. This 
assumption is supported by an extensive literature, as 
discussed by Quinlan & Ewers (1985, p. 199). The long- 
term permeability of any kind of liner may be affected by 
chemical changes induced by leachate (Quinlan & Ewers, 
1985, p. 199; Hettiaratchi & Hrudey, 1987), aging and 
degredation of polymers used in liners (Segrestin & 
Jailloux, 1988), and flaws in construction and installa- 
tion (Rogowski, 1985; Jaywickrama et al., 1988). The 
urgent questions about leakage are when, to where and how 
fast. [This is consistent with the EPA policy of assuming 
a worst possible case scenario. ] 


2. Test for the consequences of the leakage that is certain 
to occur. The argument that a dye-trace is irrelevant to 
evaluation of a particular landfill because the dye was 
not injected at the bottom of the actual landfill and 
precisely at its location is specious. 


Leakage may reasonably assumed to be a certainty. Therefore, 
a dye-test should be designed to maximize the probability of get- 
ting the dye through the soil or residuum as rapidly as possible. 
Few consulting firms or their clients can afford to wait a year 
or more for test results that, until the dye is recovered, remain 
negative. 


The monitoring system for a facility and the consequences of 
leakage from it should be tested by tracing from the facility 
itself. This may not be possible. If it is not, traces should 
then be run from sites adjacent to the facility, preferably from 
opposite sides of it, and at points lying on a line approximately 
perpendicular to the suspected flow direction. This increases 
the probability of discovering if a facility is near the boundary 
of a ground-water basin (or well away from a boundary) and 
whether the facility consistently drains to the same spring (or 
springs). Such tracer results are relevant to objective evalua- 
tion of the facility. 


Tracing from sites adjacent to a facility is justified by the 
principle of hydrologic juxtaposition. This prinicple is easily 
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explained. If the geology of a dye-injection site is similar to 
that of a site immediately adjacent, it is highly probable that 
tracer results from the two sites will be to the same spring. 
Obviously, this may not be so in the immediate vicinity of the 
boundary between two ground-water basins, but it is the reason 
why a second test is recommended for the opposite side of a 
facility. In fact, a higher degree of confidence would be 
achieved for predictions concerning ground-water flow and 
contaminant transport if they were based on the results of a 
tracer test run from each side of a facility (on or off it) 
rather than a single tracer test run from the middle of it. 


Selection of Dye-Monitoring Sites 


All springs within a radius of perhaps 8 to 25 or more 
kilometers (5 to 15 or more miles) from a facility, especially 
those within +90 degrees of the likely vector of the hydraulic 
gradient from it, should be found and monitored during dye- 
traces. At the beginning of an investigation, a prudent designer 
of a dye-trace will generally assume the possibility of radial 
flow and will have 360 degrees of coverage with dye-detectors--if 
only to defend the test design from criticism of inadequacy. The 
radius of spring search is determined by evaluating stratigraphy, 
structure, and physiography, and by proposing various tentative 
hypotheses about possible flow routes and resurgences. These 
working hypotheses must be tested for each area. 


Dye-traces to springs at the bottom of sinkholes are espe- 
cially important for recognizing segments of the plumbing system 
of a karst aquifer. These segments between a facility and the 
spring to which it drains can be used for monitoring. They offer 
two advantages over the use of springs: less dilution of pollu- 
tants or surrogate compounds, and earlier detection of them. 


Imagine how extremely different the tracing results in Figure 
6 would appear if the designer of the dye-tests shown had follow- 
ed a hunch (or perhaps the dip of the beds beneath the facility) 
and monitored only the springs in one particular direction from 
the landfill rather than in all directions! At the administra- 
tive hearing on whether or not to grant a permit for construction 
of the proposed landfill, held after dye-test #1 (from a point 
adjacent to the site) but before the other five dye-tests were 
run, the state’s witnesses alleged that it was impossible for dye 
(or pollutants) to flow in opposite directions. They vigorously 
but erroneously impugned the validity of the dye-test. Each of 
the five subsequent tests resolved all questions about the 
alleged impossibility of radial flow. 


Prediction of flow within a ground-water basin characterized 
by local flow is usually very much like prediction of flow within 
a surface-water basin. It moves "downhill" (downgradient) to the 
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trunk drain at local base level. If the boundaries of either 
basin are known, it can be confidently stated that although 
small-scale local flow from an area (or facility) may be in 
almost any direction, macro-scale local flow will be to tribu- 
taries and ultimately to the trunk that drains the basin. For 
example, in Figure 3, any dye (or pollutant) injected south of 
Mill Hole and west of both Park City and the subbasin boundary 
shown as a dotted line can confidently be predicted to flow to 
Mill Hole. Similar predictions can be reliably made for poten- 
tial facilities elséwhere in the Turnhole Spring ground-water 
basin and for anywhere in Figure 5. 


Dye-Tracing Methods 


Ground-water tracing can be done with many different tracers, 
but in general the cheapest, most efficacious ones are fluores- 
cent dyes such as fluorescein* (CI Acid Yellow 73), Rhodamine WT 
(CI Acid Red 388), CI Direct Yellow 96, and optical brighteners 
such as CI Fluorescent Whitening Agents 22 and 28. Brief sum- 
maries of practical techniques for dye-tracing have been pub- 
lished (Quinlan & Ewers, 1985; Davis et al., 1985; Quinlan, 1981, 
1982, 1986a, 1987; Mull et al., 1988). [A comprehensive, plain- 
English guide to the use of dyes as tracers is planned for 
publication during 1989 (Aley et al., 1989). It will include 
practical hints and suggestions that will enhance the rigor of 
test-design with any tracer and will increase the reliability of 
test results. It will also include discussion of appropriate 
QA/QC procedures.] A useful review of the chemistry of dyes has 
been published by Zollinger (1987). 


Three types of dye-tracing can be used for evaluating the 
suitability of springs, cave streams, and wells for ground-water 
monitoring. They are: 


1. Qualitative tracing, using either of the following: 


A. Visual observation of the dye-plume. Generally this is 
wasteful of dye and may cause aesthetic and public re- 
lations problems. Also, there is great risk of missing 
the dye-pulse when it arrives at the monitoring site, 
especially at night. 


*Fluorescein is the name generally (but erroneously) used in 
America for sodium fluorescein (Cj9H1905Na2) which is highly 
soluble in water and sometimes confused with fluorescein 
(C29H1205) which is insoluble in water. Both dyes are CI Acid 
Yellow 73. This water-soluble dye is known in Europe as 
uranine. In order to minimize confusion, I follow the American 
convention of using fluorescein when I actually mean sodium 
fluorescein. 
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B. Passive detection (with passive detectors consisting of 
activated charcoal or cotton, depending upon the tracer 
used) plus either visual observation of dye eluted from 
charcoal or ultraviolet observation of cotton (Aley et 
al., 1989; Quinlan, 1981, 1982, 1987). 


Qualitative tracing is sufficient for most dye-tests; when 
done with passive detectors, it is generally the most 
cost-efficient tracing technique. 


Semi-quantitative tracing, using passive detectors and in- 
strumental analysis of dye with a filter fluorometer or a 
scanning spectrofluorophotometer of cotton or elutant from 
activated charcoal (Aley et al., 1989; Duley, 1986; 
Thrailkill et al., 1983; Behrens, 1982, 1987, 1988; Vo- 
Dinh, 1981). Although instrumental analysis can identify 
dye-concentrations several orders of magnitude smaller 
than those detectable visually, the many variables 
associated with changes in spring or stream discharge, 
with reaction kinetics of sorption of dye onto passive 
detectors, and with elution of dye from charcoal all make 
it impossible to precisely quantify the varying concentra- 
tions of dye that passed any specific monitoring site 
during a given period of time. 


Quantitative tracing, using instrumental analysis of. dye. 
in water samples (either grab-samples or those taken with 
an automatic sampler) or of water continuously flowing 
through a filter fluorometer, preferably (for either 
option) with continuous measurement of discharge. Instru- 
mental analysis enables more precise determination of flow 
velocity, the breakthrough curve characteristic of a 
tracer’s arrival and retardation, and aquifer dispersiv- 
ity. It also allows calculation of dye-recovery (the mass 
balance relation between the amount of dye injected and 
recovered). Many inter-well traces are done with this 
type of quantification; some evaluations of wells as 
potential sites for monitoring can only be done with 
inter-well traces (Molz et al., 1986). 


For a given trace, quantitative tracing is the most expen- 
sive procedure, but it can give answers not available by 
any other technique (Smart & Ford, 1986; Mull et al., 
1988; Smart, 1988a, 1988b; Aley et al., 1989. 


If quantitative tracing results are needed in the design 
of a monitoring system--generally, they are not--it is 
commonly far more cost-efficient to first do a qualita- 
tive or semi-quantitative study. This eliminates sub- 
stantial costs of sampling and analysis of numerous sites 
to which no dye travels. 
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There is a need to publish the results of tracer tests in 
which quantitative field data, rather than laboratory 
data, are compared with semi-quantitative field data that 
is obtained concurrently. 


Each of these three types of dye-tracing is sufficient and 
satisfactory for establishing a hydrologic connection between two 
points. Semi-quantitative and quantitative tracing techniques 
are more sensitive to detection of small concentrations of dye; 
for litigation, they are more convincing. Quantitative tracing 
techniques are most sensitive to detection of small, temporary 
changes in dye concentration, and they are sensitive indicators 
of accidental contamination. If quantitative tracing indicates 
that nearly all dye is recovered, one can be confident that the 
monitoring system will operate effectively. 


No matter which of the three types of dye-tracing is used for 
an investigation, it is important to avoid two of the more common 
mistakes of neophytes: not sampling at enough sites at which dye 
could possibly be recovered (generally using passive detectors) 
and not sampling long enough. If not enough sites are: sampled or 
if sampling is stopped too soon after the first positive results, 
one would fail to detect dye at the other places to which it also 
goes (if, indeed, it goes elsewhere) at either the same velocity 
or a different velocity. Also, one would fail to discover if 
some of the dye were stored in the epikarst (as discussed subse- 
quently under EXCEPTIONS TO ASSUMPTION #3) and released over a 
long period of time. Any of these consequences of inadequate 
sampling for dye will prevent discovery of aquifer properties 
that adversely influence the adequacy of the design for a 
monitoring system. Other procedural errors that can result in 
falsely negative results are discussed on pages 50-58 and by 
Quinlan, Aley, and Schindel (1988). 


A "reliable" tracer test can be defined as one that is a 
product of careful, prudent design and execution that leaves no 
significant doubt about its validity. Commonly there will be at 
least one background sample taken at all sites monitored for dye. 
Such a test unambiguously demonstrates that there is a hydrologic 
connection between A and B. There are degrees of reliability. 
The ultimate standard in a reliable test would produce a smooth, 
well defined breakthrough curve that accounts for 100 percent of 
the injected tracer at concentrations that are greatly above well 
defined background levels, and tracer identification would be 
done with a scanning spectrofluorophotometer. For most investi- 
gations, however, such an ultimate standard is not only unneces- 
sary, but also impossible to attain. There is a need, however, 
to establish practical standards to ensure the reliability of 
tracer tests. 


The need for tracing during low-, moderate-, and flood-flow 
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conditions for many studies, but not all, is stressed repeatedly 
in this document. Moderate flow is the ideal time for tracing 
because generally it can be done efficiently and one can rapidly 
obtain a tentative understanding of the hydrology. Low flow is 
difficult because of the extreme duration that may be required 
and because many flow routes may cease to function. But some of 
the more difficult traces to perform are those attempted during 
flood flow. There are three reasons why this is so: Tracer 
dilution is extreme, and access to monitoring sites may range 
from difficult to impossible (because of flooding). Also, one 
must have an intimate familiarity with the monitoring site during 
non-flood conditions so that, during flood conditions, dye- 
detectors can be placed in a spring orifice or channel where the 
amount of dye contacting the detector is maximal, and where the 
detector will not be left high and dry when the water stage goes 
down. This can be very difficult to do when a site is under 3 to 
8 m (10 to 25 ft) of floodwater and almost unrecognizable. 


Dye-Test Analysis 


Ideal tracers are conservative. They do not react with soil, 
bedrock, or ground water, and they do not undergo microbial 


decay. However, most tracers, including dyes, are slightly 
reactive and may undergo adsorption-desorption and cation- 
exchange reactions. Organic pollutants may undergo similar 
reactions which affect their rate of migration. This rate is 


predictable and correlated with their octanol-water partition 
coefficients (Fetter, 1988, p. 397-405; Winters & Lee, 1987); 
organic pollutants may also undergo microbial decay. Depending 
upon their mobility, pollutants may travel faster or slower than 
a dye. Although tracer velocities can be used as a reliable 
guide for prediction of flow velocities of pollutants under 
similar antecedent moisture conditions, especially in conduit- 
flow aquifers, tracer velocities in diffuse-flow aquifers (as 
well as in granular aquifers) will be significantly higher than 
those of most pollutants. In conduits, where reactions of both 
tracers and pollutants with the rock matrix will be minimal, 
there will be less difference in their velocities. 


Interpretation of dye-recovery curves from quantitative 
tracer tests can yield much information about the nature of 
ground-water flow in a karst aquifer and the structure of its 
conduit system, as discussed by Brown and Ford (1971), 
Maloszewski and Zuber (1985), Zuber (1986), Lepiller and Mondain 
(1986), Gaspar (1987), Mull et al. (1988), Quinlan (1988b), and 
Smart (1988a, 1988b). Similarly, much can be learned from the 
interpretation of discharge hydrographs of springs, as shown by 
Wilcock (1968), Brown (1972), Sara (1977), Podobnik (1987), 
Meiman et al. (1988), White (1988, p. 183-186), and others. 


Mull et al. (1988) have described an empirical technique for 
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studying the travel time of surface streams to the study of cave 
streams and spring discharge. The application is more relevant 
to spill-response rather than to monitoring of a facility, but it 
is very useful. It makes possible a good approximation of the 
time of travel, peak concentration, and flow duration of contami- 
nants accidently spilled into a karst aquifer and flowing to a 
spring or well; it does so for various discharge conditions. The 
technique is a powerful predictive tool for the protection of 
water supplies, but it is most judiciously employed after most of 
the boundary of a ground-water basin or wellhead protection area 
has been determined by dye-tracing. It is not applicable to mon- 
itoring of continuous leakage from a facility. The implicit as- 
sumptions of their practical application of dye-recovery analysis 
are discussed by Quinlan (1988b). 


If dye-tracing is needed in order to respond to a spill (to 
determine, for example, that it drains to a given spring that 
must be monitored for assessment of the long-term effects of the 
spill), then laboratory investigation is needed to determine the 
effects of the spilled material on the tracer to be used. This 
should be done before the tracer test. For example, the spilled 
material could react with the tracer dye, causing it to form a 
non-fluorescent compound or causing significant quenching of the 
dye’s fluoresence. Either reaction could cause trace results 
that could be falsely negative. Limited data have been published 
on such effects, except for chloride ions and chlorine (e.g., 
Smart & Laidlaw, 1977). A filter fluorometer would be inadequate 
for such an investigation; synchronous scanning with a spectro- 
fluorophotometer might identify traces of the dye or detect 
exotic organic compounds that might be formed. [This instrument 
is also known as a scanning spectrofluorometer, a scanning spec- 
trophotometer, and a fluoresence spectrometer. ] 


Although it has no bearing on proving if a site will or will 
not leak, rigorous tracing protocol requires that the design of a 
test include determination of tracer background at all tracer- 
recovery sites. This determination will influence selection of 
the tracer to be used and its quantity. Acquisition of back- 
ground data is good protocol in any scientific investigation, but 
it is also highly desirable if there is any potential for litiga- 
tion involving the site. 


It is sometimes possible to detect with a fluorometer or a 
spectrofluorophotometer trace quantities of what appears to be a 
green dye in background samples. The background can be derived 
from dyes in various foods, household products, antifreeze, 
crack-detection penetrant, etc., but such background is extremely 
rare, except in urban areas and near leaking landfills. It is 
easy to identify the compound(s) contributing to such background. 
A synchronous scan of the samples makes it possible to differen- 
tiate between various dyes. Coloration of foods and various 
products is imparted by mere trace concentrations of dyes, quant- 
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ities that are usually four or more orders of magnitude smaller 
than commonly used in tracing ground water. 


Agricultural runoff may also contribute to background for 


compounds with green emission. Jones (1989), using a filter 
fluorometer, has discovered green emission in a water extract of 
horse manure. This green fluoresence, when sensed with a 
fluorometer, could be mistaken for fluorescein. I have used a 


spectrofluorophotometer and found similar fluoresence in cow 
manure, but these background values are trivial and equivalent to 
only a few parts per trillion (ppt) of fluorescein. 


It should be noted that the green fluorescence peak of cow 
manure in water (518 nanometers [nm]) does not correspond to that 
of a water extract of crushed grass (509 nm) or that of fluores- 
cein in water (513 nm). An alcohol extract of crushed grass 
(saturated solution of KOH in a 70% solution of isopropyl 
alcohol, a solution commonly used for eluting dye from activated 
charcoal) also fluoresces weakly in green, but strongly in red- 
violet. This is because the chlorophyl, which fluoresces red- 
violet, is highly soluble in alcohol and relatively insoluble in 
water. Manure and grass is mentioned here in order to establish 
that their probable contribution to background in dye-tests is 
detectable, but trivial. Nevertheless, this is a topic worth 
investigating in moderate detail. 


Qualitative evaluation of background cannot be relied on for 
distinguishing between various green dyes. Also, investigators 
with little experience in qualitative identification of dyes can 
be easily fooled by green algae and exotic hydrocarbons. 


Fluorometric analysis will distinguish between background 
samples which include only a green dye such as pyranine (CI 
Solvent Green 7; D&C [Drug and Cosmetic] Green No. 8; 
fluorescent) and those samples that consist of a common mixture 
of a blue dye such as Brilliant Blue FCF (CI Acid Blue 9; FD&C 
[Food, Drug, and Cosmetic] Blue No. 1; non-fluorescent) and a 
yellow dye such as tartrazine (CI No. 19140; FD&C Yellow No. 5; 
non-fluorescent). Dye nomenclature and other dyes are discussed 
by Quinlan and Smart (1977), Quinlan (1989b), Aley et al. (1989), 
Marmion (1984), Zuckerman and Senackerib (1979), and Zollinger 
(1987). A distinction between fluorescein and various other 
fluorescent green dyes cannot be made reliably with a filter 
fluorometer because their emission spectra overlap one another; a 
scanning spectrofluorophotometer must be used (Duley 1986, Aley 
et al., 1989). 


Success in tracing to randomly located wells that are to be 
regularly sampled during a dye-test can be maximized if they are 
pumped continually to discharge at a low rate, say 4 l/min (1 
gpm), through a passive dye-detector (such as cotton or activated 
charcoal) which is regularly changed once or twice a week for 
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weeks or months. In most settings this small amount of water can 
be wasted onto the ground at a reasonable distance from any 
building or structure with no adverse effect. Pumpage at high 
rates, say 400 l/min (100 gpm) or more, may distort the flow 
field near a well, which is acceptable if recognized. A high 
pumpage rate for weeks to months is expensive and wasteful; 
furthermore, disposal of the pumped water can be a problen, 
especially if it is contaminated. Selection of the rate of pump- 
ing must be based on knowledge of what constitutes a low rate in 
the aquifer being investigated. 


Although a dye-test is like the birth of a baby--no matter 
how many men and women are put on the job, it will take however 
long is necessary to complete the task--it is also quite 
different. The birth of a baby can confidently be predicted to 
probably occur about 9 months after conception. A dye-test, how- 
ever, may be completed within a few hours or days after injec- 
tion, but it could as easily be weeks, months, or even years. 
One must be patient while waiting for tracing results, or risk 
malpractice and loss of valuable data. It might take just a few 
weeks to do the dye-traces necessary to design and test the 
monitoring system for a facility, but it is likely to require 6 
to 9 months of intermittent, careful tracing. Warning: it could 
take even longer. 


I believe that one well-designed tracer test, properly done 
and correctly interpreted, is worth 1000 expert opinions .. . or 
100 computer simulations of ground-water flow. The only dis- 
agreement that colleagues have expressed with this statement is 
to jocularly suggest that the two numbers should be reversed. 


In dye-tracing, wisdom is knowing what essential questions 
need to be asked, and asking them; experience is knowing the most 
expedient, most prudent way to get the answers to these essential 
questions. 


The dye-tracing strategies discussed in this document are 
also applicable to delineation of wellhead and springhead protec- 
tion areas (Quinlan, Aley, and Schindel, 1988; Office of Drinking 
Water, 1987, EPA, 1988). They should be used. 


SURVEYING OF CAVE RIVERS 


The surface location of a drill hole sited to intercept a 
known cave stream can be determined by any of many conventional 
surveying techniques using a transit, compass, tape, or elec- 
tronic distance-measurement equipment. Such surveys’ should 
include closed loops. It is easier and more accurate, however, 
to use low-frequency electromagnetic induction equipment, a so- 
called "cave radio", which transmits a signal to the surface from 
an accessible cave passage with a. stream (Reid, 1984; Cole, 
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1988). Such equipment has been used successfully in the Mammoth 
Cave area to drill to cave streams at depths as great as 143 m 
(470 ft). The horizonal error in one well drilled to 41 m (135 
ft) was only 18 cm (7 in); it was attributed to deviation of the 
drill hole rather than to error in the survey. 


If cave rivers are not accessible from the surface, geophysi- 
cal studies such as mapping of streaming potential of descending 
waters and mapping of acoustic emissions from cave rivers (Lange, 
1988; Lange & Quinlan, 1988) may follow mapping of troughs on the 
potentiometric surface. Such geophysical studies should precede 
drilling of wells planned to intercept cave rivers which are 
inferred from the potentiometric troughs and which are to be 
tested by tracing for a connection to a facility. 


MAPPING OF POTENTIOMETRIC SURFACE 
The potentiometric surface of a karst aquifer should be 


mapped with as many control points (water levels) as possible. 
For basin analysis, a minimum of 1 well per square kilometer (2.5 


wells per square mile) is recommended for most aquifers. A 
facility analysis could require more than 40 times this well 
density. A carefully contoured potentiometric map, if based on 


valid measurements of an adequate number of wells, can be used 
to: 


1. Predict flow routes of dye (or pollutants) ; 
2. Judiciously select dye-injection sites; 


3. Minimize the number of dye-traces necessary for definition 
of boundaries of a ground-water basin or evaluation of a 
facility; 


4. Interpolate flow routes in the areas between dye-traces; 
and 


5. Detect the possible influence of shale beds and other low 
permeable rocks on perching and confinement of water 
within or below a karst aquifer. 


Water levels for mapping the potentiometric surface can be 
measured with an electric tape or an acoustic well probe (Quinlan 
& Ewers, 1985; Quinlan, 1981, 1982), but such measurement must 
include a QA/QC program using a vertically hanging steel tape as 
a standard before, after, and preferably during periods of use, 
especially if water levels more than 30 m (100 ft) below the 
ground surface are being measured to the nearest tenth of a foot 
(0.03 m). Permanent tape-stretch of as much as 2 percent occurs 
in electric tapes employing copper twin-lead wire similar to 
those used for TV antenna lead-in. Whenever possible, all water- 
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level measurements should be made with the same electric tape--or 
each tape should be calibrated against a standard. Measurements 
should be made of water levels unaffected by pumping, and during 
low flow or base flow, rather than during the rainy season or 
after storms when water levels can locally be significantly high- 
er and the potentiometric surface can have a different configura- 
tion. 


It is logical, correct, and conventional to interpret the 
flow direction of greund water to be perpendicular to the poten- 
tiometric contours and downgradient. Sometimes, however, flow 
lines appear to be parallel to the contours rather than perpend- 
icular to them, as has been demonstrated in the Edwards aquifer 
in Texas (Maclay & Small, 1984; Waterreus & Hammond, 1989). The 
flow lines are actually perpendicular, but a lack of sufficient 
well data in areas characterized by extreme heterogeneity in 
aquifer properties precludes demonstration of such orientation. 


Mapping of the potentiometric surface does not eliminate the 
need for dye-tracing nor does it not replace tracing. The two 
techniques are complementary, but data from a well-designed, 
properly executed, and correctly interpreted dye-trace or series 
of traces are less ambiguous than a potentiometric map that is 
based on water-level data. 


IMPLICIT ASSUMPTIONS OF RECOMMENDED TRACED-SPRING, -CAVE-STREAM, 
AND -WELL MONITORING STRATEGY, WITH EXAMPLES OF EXCEPTIONS 


Ground water has been recognized to circulate in three 
different types of flow systems: local, intermediate, and region- 
al (T6th, 1962; Freeze & Witherspoon, 1967), as reviewed by 
Fetter (1988, p. 217-258). Most monitored flow is in local-flow 
systems. Indeed, this is the flow system most practical to 
monitor and most needful of monitoring. 


Many implicit flow-system assumptions will be made by those 
who may use the monitoring strategy advocated here and by Quinlan 
and Ewers (1985), but they should realize what these assumptions 
are. The accuracy of the first eight of the following ten 
assumptions is affected by the hydrogeology of the karst beneath 
and adjacent to a facility. Assumption #9 involves logic, and 
#10 is influenced by the rigor of the design and execution of 
tracing tests--as well as by one’s understanding of the first 
eight assumptions and one’s ability to recognize the exceptions 
to them. The major implicit assumptions, stated axiomatically, 
are: 


1. Ground-water discharge is concentrated at a point (a 
spring or group of springs) rather than diffused over a 
broad area or concentrated along a line (such as a 
stream). 
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2. Most flow systems to be monitored in karst terranes are 
characterized by local flow, in the sense of Toth (1962) 
and Freeze & Witherspoon (1967). 


3. Ground-water flow velocities in karst terranes character- 
ized by local flow are the high values already cited 
herein. Flow velocities in karst terranes characterized 
by intermediate-flow systems and by regional-flow systems 
tend to be several orders of magnitude slower than in 
local-flow systems. 


4. A ground-water basin is a discrete entity having a spe- 
cific, well-defined boundary. 


5. Ground-water basins are contiguous. 


6. All the discharge of a spring is from the same ground- 
water basin. 


7. Storm-related diversion of ground water out of a basin, if 
it occurs, is via intermediate- and high-level overflow 
routes (conduits) leading to adjacent ground-water basins. 


8. Temporary, storm-related diversion of surface water within 
a karst ground-water basin is not a significant problem 
because all water will remain within the ground-water 
basin. 


9. A positive trace from a facility proves that it is a 
source or the source of pollutants discovered at the dye- 
recovery site. 


10. The tracing tests done for investigation of a facility 
were properly designed and executed and correctly 
interpreted. 


Each of the first eight of these implicit assumptions is 
correct about 95 percent of the time--often enough to be fairly 
assumed until or unless data imply otherwise, but not so often as 
to be a certainty. One must always ask, "What are my conceptual 
models of the flow system and their assumptions?" and critically 
review the validity of each. Systematic analysis and review of 
examples of probable exceptions to the above assumptions could be 
the subject of another document. Only one or two exceptions to 
each of the first eight is cited and briefly discussed below, 
along with the relevance of these exceptions to a monitoring 
progran. 


The ninth assumption is patently false. It is a flaw in 
logic. A positive trace proves that the tested facility may be a 
source or the source of some or all of the pollutants but not 
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that it is a source or the source. All the pollutants could have 
come from one or more other facilities in the same ground-water 
basin. Proving that pollutants could be derived from a facility 
is not the same as proving that they are derived from it. Never- 
theless, if there is no other plausible source for the pollutants 
in a ground-water basin, the tested facility may be--and probably 
is--the source of them. For example, gasoline found in a spring 
could have leaked from any of 50 service stations within a basin, 
each of which could be shown by tracing to be the possible 
source. Tank tests, product audits, soil-gas analysis, suction 
lysimeters, and contaminant fingerprinting could be used to find 
the probable source (or sources) of gasoline. In contrast, in 
the average ground-water basin there are relatively fewer 
possible sources of an exotic organic compound. Conversely, if 
well-designed, properly executed, and correctly interpreted set 
of tracer tests conducted during both low-flow and high-flow 
conditions showed that a facility drains to a basin other than 
the one drained by a contaminanted spring, there is sufficient 
proof that the facility is not the source of the contaminants. 
Again, this is simple logic, not hydrogeologic subtlety. 


The tenth assumption, like the others, is made honorably, but 
it is the most insidious. It will be discussed after the follow- 
ing exceptions to the first eight assumptions are cited and 
described. 


EXCEPTIONS TO ASSUMPTION #1: NONPOINT DISCHARGE 


Although some discharge in the karsted dolomite of the Door 
Peninsula, Wisconsin, is to springs (Wiersma et al., 1984) that 
can be considered as point discharge, most of the discharge is 
through sediment and over a broad area beneath Green Bay and Lake 
Michigan (Bradbury, 1982; Cherkauer et al., 1987). Discharge 
from a karst aquifer through sediment over a broad area occurs in 
the Cano Tiburones area north and west of Barceloneta, Puerto 
Rico; it occurs along a line in the valley of the Rio Grande de 
Manati, south of Barceloneta. These Puerto Rican terranes are in 
Tertiary limestones of the alluvium mantled and paludal sediment 
mantled shallow aquifer on the north coast; the aquifer seems to 
be characterized by diffuse flow, but springs and conduit flow 
are locally important. 


Monitoring in terranes characterized by areal discharge can 
best be done with randomly located wells, perhaps along fracture 
traces, but they might not intercept the relevant flow lines. 
Monitoring in terranes characterized by seepage along a line is 
best done by sampling at intervals along the line and upgradient 
from it. Although ground-water flow velocities may be very low, 
tracing must nonetheless be done in each hydrologic setting if 
confidence in a monitoring effort is desired. If a well proposed 
for monitoring a facility in a karst terrane does not have a 
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positive trace to it (or to its site), it is not a monitoring 
well for ground water draining from the facility. 


Discharge along the length of a stream is an example of non- 
point discharge. Smart (1988b) has described this in the Maligne 
karst aquifer in the Rocky Mountains of Canada. Another example 
of discharge along a line occurs in the eastern Snake River 
Plains aquifer in Idaho (Lindholm, 1986; Wood and Low, 1988). 
Admittedly, this basalt aquifer is not a karst aquifer, but it 
was for the hydrology of such rocks that the term pseudokarst was 
first proposed more than 80 years ago by von Knebel (1906, p. 
182-183). Many of the monitoring principles advocated herein may 
be applicable to monitoring in this basalt aquifer and in other 
highly fractured rocks. 


EXCEPTIONS TO ASSUMPTION #2: NONLOCAL FLOW 


There are many examples of non-local flow (intermediate flow 
and regional flow) that must be monitored in karst aquifers. 
Some of the better known examples of such karsts are the Edwards 
aquifer (Maclay & Small, 1984; Campana & Mahin, 1985) the Great 
Basin carbonate aquifer (Mifflin & Quade, 1988; Fetter, 1988, p. 
233-237); and the Floridan aquifer (Fetter, 1988, p. 237-243, 
359-361; Miller, 1984; Beck, 1986). Ground-water flow velocities 
in them are likely to be much slower than in most conduit-flow 
aquifers and more like the low velocities characteristic of most 
diffuse-flow aquifers. Flow-paths are likely to be braided 
(anastomosed) and dispersive rather than convergent, but most are 
still to springs. 


EXCEPTIONS TO ASSUMPTION #3: SLOW MOVEMENT IN LOCAL-FLOW SYSTEM 


The epikarst, briefly described in the introduction, is a 
zone of karstification below the soil profile and above the 
phreatic zone; horizontal flow is dominant and storage is 
Significant (Quinlan & Ewers, 1985; Smart & Hobbs, 1986; Bonacci, 
1987, p. 28-35; Williams, 1985; Friederich & Smart, 1981, 1982; 
Smart & Friederich, 1986; and Ford & Williams, 1989). Commonly, 
it is 3 to 10 m (10 to 30 ft) thick. Although tracer studies in 
a British epikarst have shown that vertical flow velocities (to 
caves below) locally exceeded 100 m/hr (330 ft/hr), dye was still 
detectable in the epikarst 13 months later (Friederich & Smart, 
1981, 1982; Smart & Friederich, 1986). Similar results were 
found by Even et al. (1986) in an Israeli epikarst. This flow 
dichotomy is actually a continuum, but it suggests that the 
common adage that ground-water pollution in karst areas is not a 
long-term problem because the aquifer is rapidly self-cleaned, is 
wrong--or at least unreliable. The duration of retention of a 
pollutant in a karst terrane is a function of soil thickness and 
sorptive capacity, the efficiency of connection between the 
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ground surface and the epikarstic bedrock, and the efficiency of 
flow between the epikarst and the phreatic zone. Indeed, if one 
is "lucky" and the volume of a spill on a thick soil is minimal, 
all or most of the spilled substance may be retained and/or 
sorbed by the soil. Aquifer remediation, therefore, may be 
limited to excavation of the soil. 


Most dyes are injected into sinking streams, sinkholes, or 
wells which bypass the soil and epikarstic zone. [In contrast, 
contaminants are rarely injected purposely and directly into a 
karst aquifer. Pollutants in the epikarst may be monitored using 
traditionally sited, randomly located monitoring wells at the 
point source to be monitored and they may obey Darcian flow laws, 
but such a monitoring system may not intercept them. Neverthe- 
less, contaminants may actually be detected and recovered with 
traditional or innovative techniques before they enter the 
conduits of a flow system. Once a contaminant has entered the 
subjacent conduits and solutionally enlarged joints, Darcian flow 
conditions usually do not apply; detection and recovery are 
difficult and the protocols recommended in this document are 
applicable. 


EXCEPTIONS TO ASSUMPTION #4: FUZZY AND OVERLAPPING BASIN BOUND- 
ARIES 


It is quite logical to assume that a ground-water basin has a 
specific, well-defined boundary. Sometimes, however, the bound- 
ary temporarily migrates or ceases to exist during response to 
moderate- to flood-flow conditions; some water is diverted to 
adjacent ground-water basins, as already discussed. Neverthe- 
less, this assumption is reasonable and generally correct; it can 
be extended to allow for temporary, slight shifts in the boundary 
between two basins, also in response to storm-related changes in 
flow conditions. In contrast, some diffuse-flow aquifers show 
significant exceptions to this implicit assumption; the basin 
boundaries may be nebulous and gradational during all flow 
conditions. For example, all dye injected near the center of a 
ground-water basin in the Great Oolite Limestone (in the Bath 
district of southwestern England) flows to only one spring. 
Successive tests at increasingly greater distances from the 
central axis of the basin show that less dye goes to its spring; 
the balance of the dye goes to the spring draining the adjacent 
ground-water basin. [As the dye-injection point gets suc- 
cessively farther from the central axis, more and more dye goes 
to the major spring in the adjacent basin.] Such fuzzy 
boundaries are characteristic of basins in this aquifer. Smart 
(1977) has recommended that the gradational "boundary" between 
any two such ground-water basins be chosen to coincide with 
tracer injection points from which the dye divides evenly between 
the adjacent springs. Similar results occur elsewhere in England 
(Atkinson & Smart, 1981) and probably in other places where 


44 


diffuse flow predominates. Nebulous, gradational boundaries 
between ground-water basins have recently been recognized in 
Missouri (Thomas Aley, Ozark Underground Laboratory, Protem, 
Missouri, oral communication, 1987) and undoubtedly will be 
recognized in other karst terranes of the United States. 


Although Smart’s 50 percent boundary criterion is reasonable 
for hydrologic budgeting (Smart, 1977), for the delineation of a 
wellhead or springhead protection area it is necessary to know 
the entire area that contributes recharge. Therefore, for some 
hydrologic studies, his valid criterion must be ignored. 


Gradational basin boundaries are suggested by the results of 
dye-injection into a swallet (a sinkhole into which a stream 
empties) at the west boundary of the Turnhole Spring ground-water 
basin (Figure 3, on the 520-ft contour). This swallet drains to 
two different ground-water basins; it flows both to the northeast 
(within the Turnhole Spring basin) and to the west, to a second 
major drainage basin (Quinlan, Ewers, et al., 1983, p. 48-49). 
This particular boundary of the ground-water basins has not been 
studied, but I believe that the extent of overlap is less than 
half a kilometer. 


One should be prepared to encounter fuzzy and overlapping 
boundaries between ground-water basins. The possible existence 
of such boundaries makes it necessary to be extremely thorough in 
the design of dye-tracing investigations and confirms the already 
recognized need for monitoring for dye at springs in ground-water 
basins adjacent to a proposed facility (Aley et al., 1989). 


Overlap of ground-water basins is convincingly illustrated by 
the Bear Wallow basin in Kentucky (Quinlan & Ray, 1981). Lt 
occupies 500 km? (190 mi?) and its three subbasins, Hidden River, 
Uno, and Three Springs, resemble a Venn diagram (a diagram 
employed in symbolic logic; it uses circles and their relative 
position to represent sets and their relationships (Gardner, 


1982; Miller, 1986; Edwards, 1989). The Hidden River and Uno 
subbasins occupy 80 percent, and 35 percent, respectively, of the 
total basin. The paradox of these two subbasins totaling more 


than 100 percent of the area of the Bear Wallow basin is explain- 
ed by the fact that the Three Springs subbasin comprises 15 per- 
cent of the entire Bear Wallow basin and is part of the head- 
waters of each the other two, subbasins; it is common to each of 
them. This overlap is significant because the 97 km? (37 mi?) of 
the Uno basin is the size of the area alluded to earlier in this. 
document as the terrane in Figure 4 from which pollutants could 
flow to a total of 52 springs in 19 isolated segments along a 19 
km (12 mi) reach of Green River. Probable consequences of leak- 
age from a facility would be significantly fewer if it were 
located someplace other than in a ground-water basin in which the 
overlap of the headwaters is analogous to a Venn diagram and 
discharge is via distributary flow. This overlap is also signif- 
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icant because adequate monitoring of a facility in the Uno sub- 
basin would require more sites (and more expense) than monitoring 
the same facility in a basin that was not part of two other 
basins. 


Similar overlap of recharge areas of springs occurs also in 
the Mendip Hills of southwestern England (Drew, 1968, 1975; At- 
kinson, 1977). 


EXCEPTIONS TO ASSUMPTION #5: NONCONTIGUOUS GROUND-WATER BASINS 


Thrailkill and his students have shown that there are two 
physically distinct spring types in karst of the Inner Bluegrass 
of Kentucky: local high-level springs discharging from shallow 
flow paths and major low-level springs discharging from a deep, 
integrated conduit system (Scanlon & Thrailkill, 1987; Thrail- 
kill, 1984, 1985). The major ik pelban springs are characterized 
by larger catchment areas (>10 km?; 4 mi ) and higher discharges 
(10-2700 l/sec; 2.6-700 gal/sec) ; "the local high- Fiat” Somes Tay 
are characterized by smaller catchment areas (<2 km?. 0.8 mi 
and lower discharges (0.1-0.8 l/sec; 0.025-0.2 gal/sec) . The 
lack of integration of the local high-level spring catchments 
into the major low-level spring catchments can be explained by 
the impermeability of numerous interbedded shales and the lack of 
fractures passing through them. The catchment of each major low- 
level ground-water basin is interpreted to be near-elliptical, 
but there is minimal data to support this shape. Each of the 
catchments is unrelated to surface drainage, isolated from the 
nearby major basins, and commonly separated from its nearest 
similar neighbor by 1 to 4 km (0.6 to 2.5 mi), thus making them 
noncontiguous. The reasons for the noncontiguity of these major 
basins are not yet understood but may be related to the nature of 
the epikarst between conduits and the inhibition of hydraulic 
integration by clay and shale in the bedrock (Ralph O. Ewers, 
Department of Geology, Eastern Kentucky University, oral commu- 
nication, 1988). 


Noncontiguous basins within a karst terrane in which the beds 
dip uniformly at a low angle also occur in the Nashville Basin, 
Tennessee (Geary M. Schindel, ATEC Environmental Consultants, 
Nashville, Tenn., oral communication, 1989); they probably exist 
elsewhere. The possibility of their occurrence in various 
settings should be anticipated and can be detected when traces 
are run from each side of a suspected boundary of a ground-water 
basin. 


It is possible that traditional, randomly located wells may 
provide effective monitoring in the interbasin areas between non- 
contiguous basins. To use these wells reliably in such a karst, 
however, the tracing procedures advocated herein must first be 
employed and competently shown to yield negative results at 
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springs and positive results at the wells. 


EXCEPTIONS TO ASSUMPTION #6: SPRINGS THAT DERIVE SOME OF THEIR 
FLOW FROM MORE THAN ONE BASIN 


If one or more tributaries to the trunk conduit of a ground- 
water basin join it at a distance upstream from the orifice that 
is equal to or greater than the length of the mixing zone for a 
given velocity and difference in water quality (Fischer et al., 
1979, p. 105-147; Hubbard et al., 1982; Kilpatrick & Cobb, 1985; 
Mull et al., 1988, p. 43-45), monitoring of water quality at its 
spring during base flow will not detect the existence of the 
subbasin, even if there was a significant difference between the 
chemical and physical properties of the two basins or subbasins. 
But if the confluence of a basin or subbasin is at less than the 
length of the mixing zone for a given velocity and difference in 
water quality--or if the confluence is at the surface, possibly 
because erosion and slope-retreat progressed upstream--a series 
of measurements of a physical or chemical property such as 
specific conductivity may show variation across the width of the 
spring’s stream channel. Many examples of this ' dual-basin 
phenomena are known. They include: 


1. Seven Springs, in Fillmore County, Minnesota. Two 
distinct ground-water basins discharge from the same 
conduit orifice. Dye from one basin discharges from the 


left side of the spring, but not the right; dye from the 
other basin is discharged on the right side, but not the 
left (Mohring and Alexander, 1988). At Seven Springs, 
however, the discharge of water from the second basin 
occurs only during flood flow, not during base flow. 
Seven Springs is part of a distributary. 


If water quality of the two basins or subbasins is 
similar, the only sure way one could discriminate between 
them--or discover the existence of the second is to 
measure dye concentrations on both sides of a channel and 
in its middle. Prospecting for variations in water qual- 
ity or dye concentration as an indicator of the nearby 
confluence of a subbasin must be done under  low-, 
moderate-, and flood-flow conditions. It must be shown 
that these differences in dye-concentration vary with 
position, not with time. [Meiman et al. (1988) have shown 
that continous monitoring at the same point during flood 
flow detects significant short-term variations in the 
quality of waters that have not been mixed. This is 
interpreted to be a consequence of piston-flow from 
tributaries. } 


2. St. Dunstan’s Well, in the Mendip Hills of southwestern 
England. The flow of a spring-fed stream is from two 
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adjacent orifices, only 2 m (6 ft) apart. Water quality 
of one of the springs is significantly different from that 
of the other. One is usually supersaturated with respect 
to CacO3; the other is usually undersaturated. Tracing 
has shown that each spring has a separate recharge area 
but a partial overlap of these areas is common to both 
springs (Drew, 1968, 1970), like the Venn diagrams men- 
tioned previously. 


3. Aquas Frias Spring, on the west bank of the Rio Grande de 
Manati, Puerto Rico. A dye-trace has shown that a major 
tributary joins the inclined throat of the spring that 
rises from a depth of 27 m (90 ft). This tributary joins 
the throat that is the trunk passage at a depth of 9 m (30 
ft) below the spring’s surface. Most of the discharge is 
from the trunk passage that is part of the Rio Encantado 
Cave System, more than 19 km (12 mi) long (Wes C. Skiles, 
Karst Environmental Services, High Springs, Fla., oral 
communication, 1989). 


The occurrence of dual-basin flow has been attributed above 
to be a consequence of distributary flow. As such, it may be the 
reoccupation of high-level flow routes that ceased to function 
perennially as base level was lowered. Dual-basin flow can also 
be a consequence of a spring location being base level for a 
large area that was never integrated into a single ground-water 
basin. 


Of what relevance is this seemingly nit-picking discussion to 
the monitoring of ground water? If prospecting a channel for 
position-related and time-related variations in specific conduc- 
tivity or dye-concentration during constant-rate injection shows 
that the variations are position-related, one can select the best 
place in the channel to monitor for dye and/or pollutants. Such 
data may also enhance the probability of more accurate delinea- 
tion of the recharge area for each subbasin. 


There is another continuum here. If the distinct orifice of 
two or more spring outlets feeding a stream can be seen at or 
from the ground surface, I would call the recharge area of each a 
separate basin, but with a common discharge point. If the dis- 
tinct orifices can not be seen at the surface and if the exist- 
ence and position of underground confluences must be inferred 
from measurements of water quality or position-related dye- 
concentration, or by diving, the recharge area of each is a 
subbasin. St. Dunstan’s Well represents one end of this 
continuum; Seven Springs is near the same end of it. Aguas Frias 
Spring is farther from that end. The opposite end of the 
continuum is exemplified in Figure 3 by the confluence between 
the Mill Hole subbasin (3A in the index map) and the Procter Cave 
subbasin (3B, 3Bl, and 3B2). The full spectrum of this dual- or 
multi-basin continuum is represented by various karst springs in 
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the Hot Springs area of South Dakota (Alexander et al., 1988). 


EXCEPTION TO ASSUMPTION #7: DIVERSION OF GROUND WATER TO THE 
SURFACE 


The Poorhouse Spring ground-water basin in Kentucky nicely 
illustrates the diversion of ground-water flow to a surface water 
basin (Quinlan & Ray, 1981, 1989). The basin drains 70 km? (27 
mi?) and most flow is to the southeast, through the 3 x 6 m (10 x 
20 ft) trunk stream passage that is Steele’s Cave. After very 
heavy rains (approximately once a year), some of the water in 
this trunk rises about 21 m (70 ft) above its normal level, out 
of the sinkhole entrance, and overflows onto the surface. From 
there it flows in the opposite direction to the northwest and 
west where it augments the flow of a surface stream which drains 
an area outside of the Poorhouse Spring ground-water basin. Such 
flow, if contaminated, could give spurious values at surface 
sites used to monitor pollutants or background in adjacent 
ground-water and surface-water basins. 


EXCEPTION TO ASSUMPTION #8: DIVERSION OF SURFACE WATER TO A 
DIFFERENT GROUND-WATER BASIN 


Sometimes surface waters overflow during storms from one 
ground-water basin to another. This is illustrated by the be- 
havior of Cayton Branch in Kentucky (Quinlan & Ray, 1981, 1989; 
Quinlan, Ewers, et al., 1983, p. 22). Little Sinking Creek (the 
southwesternmost surface stream in Figure 3) drains north to the 
Green River and contributes to the discharge from the Turnhole 
Spring ground-water basin. At a point about 2 km (1.2 mi) south 
of the creek’s northernmost swallet, where the south fork of the 
stream bends north at the 600-ft potentiometric contour, the 
creek goes out of its banks during floods and diverts some of its 
discharge westward. The diverted surface water flows about 600 m 
(2000 ft) west to a swallet that comprises part of a larger 
ground-water basin that drains westward to the Barren River, and 
in which the headwaters have been captured by the Turnhole Spring 
ground-water basin. 


This diversion of surface water from the Turnhole Spring 
basin to another ground-water basin could be relevant to a moni- 
toring effort in the second basin if there were significant 
quantities of pollutants in the surface waters of Little Sinking 
Creek and if they were "exported" to the second basin where they 
could adversely affect the reliability of data from cave streams 
used for monitoring of background. 


The above exceptions to the eight implicit assumptions stated 
as hydrologic axioms are uncommon but important. Their existence 
justifies a thoroughness in the design of tracer tests and in the 
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interpretation of tracer results that, to some people, might seem 
paranoid. Their existence, however, emphasizes the need for 
facility-related field work as a prerequisite for the design of a 
reliable monitoring system in a karst terrane. 


ASSUMPTION #10, THE MOST INSIDIOUS 
Introduction . 


Tracing for evaluation of a facility is easy to do: All one 
does is inject tracer such as a dye at one point and recover it 
at another. So, too, is well drilling: All one does is set up 
the rig, start the motor, and count the money. Both techniques 
yield good, reliable results when performed by those trained in 
their art. But there are so many things that can go wrong when 
trying to do either that it is more prudent and cost-efficient to 
have each done by an experienced professional. 


It is easy to obtain falsely positive results in tracing-- 
chiefly as a result of contamination that can be prevented by a 
proper QA/QC protocol. [The same can be said for errors in chem- 
ical analysis or almost any other analytical technique.] It is 
even easier to obtain falsely negative results. This is why I 
have called the naive and sometimes erroneous belief that tracer 
results and their interpretation are valid "the most insidious 
assumption". 


Procedural Causes of Falsely Negative Results of Tracer Test 
Results 


In addition to occurrence of negative results as a result of 
any of the eight hydrogeologic assumptions discussed above, there 
are many procedural ways to inadvertently get a false negative in 
a tracer test and thus "prove" that leakage of harmful materials 
from a facility will not (or does not) occur. MThirteen of the 
more common ways are: 


1. Inadequate field survey to locate springs or wells to be 
monitored for tracer. 


2. Injection of dye in a well or at another site that has 
minimal hydraulic connection to the subjacent aquifer. 


3. Sampling in only one or two directions from an injection 
site--rather than in all directions when radial or multi- 
directional flow is possible, as described in the 
discussion of Figure 6. 


4. Sampling at only a few sites--rather than at all sites 
possible for recovery of tracer. 
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5. Not sampling often enough to detect the tracer in either 
grab samples or on activated charcoal that becomes loaded 
with other organic compounds before the dye arrives. 


6. Premature cessation of the tracer test--before there is 
enough time for the tracer to reach any monitoring site or 
those sites that would be reached after recovery of tracer 
at the first site. (Premature cessation is most common 
during the dry season, when flow velocities are slowest.) 


7. Sampling only at randomly-located drill holes--rather than 
at springs, cave streams, or wells that become turbid 
after heavy rains and wells drilled on photolineaments. 


8. Use of an inadequate amount of tracer--an amount so small 
that it is likely to be diluted or sorbed to concentra- 
tions below the limit of detection. 


9. Use of a tracer inappropriate for the system under study, 
one that is likely to be totally or greatly sorbed by 
sediment or rock through which it passes, one that is 
reactive with a dissolved constituent in water, or one in 
which the fluoresence is quenched or enhanced by a 
dissolved constitutent or by pH. 


10. Use of too high a value for the acceptable threshold of 
detectability of dye. 


11. Use of organizations and individuals inexperienced in the 
design, execution, and interpretation of tracer tests. 


12. Sampling for dye at only one side (the wrong side) of a 
spring with dual-basin flow. 


13. Placement of a dye-detector where contact with spring 
water or stream water is not continuous for the time 
between placement and recovery. 


In more detail, the procedural errors likely to yield falsely 
negative tracing results are described below. Some of these 
errors have already been been mentioned briefly in this document. 


1. Inadequate field survey to locate springs or wells to be 
used for monitoring the presence of tracer. Published 
USGS topographic maps can not be relied upon as the sole 
source for data on spring locations. Field work is 
essential because generally fewer than 5 percent of the 
base-level springs are shown on topographic maps. An 
interpretation of regional hydrology based on dye-traces 
made only to springs shown on the USGS 7.5-minute 
topographic maps is likely to be a distorted, incomplete 
caricature of reality. Obtaining this caricature will 
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cost more in terms of time lost while waiting for dye to 
be recovered, than doing the tracing investigation 
correctly from the beginning. 


Although most springs occur along the banks of a stream or 
river, some occur in channels. Therefore it is wise to 
also set dye-detectors in streams, rivers, and tributaries 
--just to sense discharge from unknown springs that might 
be in channels, from other springs that may not have been 
found, and from reaches characterized by diffuse seepage. 


Field work will usually show that there are many domestic 
wells, both in service and abandoned, that can be used to 
monitor for dye during a test. For many states most of 
the wells will not be included in official State or 
Federal files; inclusion of only 10 percent is common. 
Probably no dye will be recovered in any of these wells, 
but it is always worth trying to recover dye in then, 
especially if their water gets turbid after heavy rains. 


Injection of dye in a well or at another site that has 
minimal hydraulic connection to the subjacent aquifer. 
Dye injected into a well that does not intercept solu- 
tionally enlarged fissures, bedding planes, or conduits 
may remain there for a long time and not reach the 
drainage system of an aquifer except via intergranular 
flow. The same can be said of dye put into a trench 
excavated in soil or on a quarry floor. This error can be 
easily prevented by first running slug or percolation 
tests, as already discussed. 


Sampling in only one or two directions from a dye-injec- 
tion site--rather than in all directions when radial flow 
or multi-directional flow is possible. Radial flow, 
although not common, frequently occurs near topographic 
divides. Two excellent examples of radial flow at waste 
disposal sites are illustrated in Figure 6 and by Quinlan 
and Ewers (1985, p. 214-219). 


If one has ignored the possibility of radial flow in the 
design of a dye-test or a series of dye-tests, and then 
gets positive results in those tests which are run, one 
can be easily lulled into a false sense of security. For 
example, if a hydrologist’s best professional judgement 
suggested that ground-water flow in the vicinity of dye- 
injection point #1 in Figure 6 was to the north or east 
and if he set dye-detectors (bugs) only in those direc- 
tions and not at springs and wells in the other direc- 
tions, he might be rather impressed by his perspicacity. 
He would also be professionally embarrassed and legally 
vulnerable when leachate was subsequently detected at 
springs or wells in the south and west. 
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4. 


Sampling at only a few sites--rather than at all sites 
possible for the recovery of tracer. One can not afford 
the "economy" of minimal sampling. Aside from the fact 
that one does not get an understanding of regional or 
basin hydrology without monitoring the sites to which dye 
is carried by ground water, months of valuable time can be 
lost while waiting for dye to be recovered at sites to 
which it will not go. Also, until and unless the dye from 
a test is recovered somewhere or it is determined where it 
went, that dye can not be used a second time in the basin. 
The reason is obvious: Dye recovered after a second dye- 
injection could be interpreted to be from the first. 


Not sampling often enough to detect the tracer. For 
example, if a pulse duration is 24 hours and sampling is 
weekly, it is highly probable that grab samples will not 
detect the pulse. This is not a problem if activated 
charcoal is used for dye-detection, but a better under- 
standing of the flow dynamics is achievable if one detects 
tracer at a site several times during a test (after at 
least one time when the detectors and/or water samples are 
negative for dye) and if one can recognize the approximate 
time of maximum concentration and monitor the decay of the 
tracer-concentration curve. Problems of sampling frequen- 
cy in karst aquifers characterized by conduit flow and 
nonpoint pollutants are discussed by Quinlan and Alexander 
(1987). 


As a second example, if one is using charcoal detectors 
for dye-detection and is doing weekly sampling in waters 
highly polluted by organic waste and if the adsorption 
sites on the charcoal are thus totally occupied by organic 
compounds after 24 hours, elution of detectors changed 
weekly is incapable of detecting dye or a representative 
sample of dye--unless one is extremely lucky and happens 
to set a detector at a time when the dye-cloud is passing 
the monitoring site. Even such luck is not enough. 
Organic compounds (and possibly associated bacterial 
reactions) in streams and ground-water can also remove dye 
from charcoal detectors. In a well-designed test in which 
a cloud of Rhodamine WT was visually seen to be flowing by 
several adjacent detectors in a stream laden with organic 
pollutants, the amount of dye recovered on the detectors 
was inversely proportional to the duration of their 
exposure to polluted stream water; dye-recovery from 
detectors with the longest exposure was miniscule (Thomas 
Aley, Ozark Underground Laboratory, Protem, Mo., oral 
communication, 1988). 


Premature cessation of the tracer test--before there is 
enough time for the tracer to reach any monitoring site or 
those sites that would be reached after recovery of tracer 
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at the first site. An excellent example of the wisdom of 
continuation of detector recovery is shown in Figure 6. 
Dye injected next to the landfill site, at #1, arrived in 
3 to 5 days at Cannon Spring, about 3.5 km (2.2 mi) away, 
having traveled at least 700 to 1200 m/day (2300 to 3800 
ft/day); dye was detected in 26 to 33 days at Keith 
Spring, a shorter straight-line distance, having traveled 
at least 80 to 100 m/day (260 to 330 ft/day). This latter 
velocity range is consistent with the straight-line flow- 
velocity of about 120 m/day (390 ft/day) for dye that 
traveled 7.3 km (4.5 mi) southwest to Mitch Hill Spring in 
61 days (Aley, 1988). 


An extreme example of premature cessation known to the 
writer occurred when fluorescein put into an open sinkhole 
at a hazardous-waste disposal site during a drought took 
approximately 30 days to travel 3.0 km (1.8 mi) to a 
spring at a mean maximum velocity of 4 m/hr (13 ft/hr). 
Subsequently dye flowed from this spring for at least 30 
days. The consultant doing the tracer test terminated it 
before dye ceased flowing from the spring. He did not 
allow enough time for dye to also reach more distant sites 
where recovery was possible, and he refused to have the 
detectors that had been changed weekly analyzed for dye. 
After he was persuaded to have them analyzed, it was 
learned that flow from the facility was radial; dye had 
traveled approximately twice as fast in almost the 
opposite direction to a domestic well! 


Many examples of distributary flow (Quinlan & Ewers, 1985, 
p. 205, 207-208) would not have been detected if sampling 
for dye had not continued well beyond the time of first 
recovery of dye. During the dry season, when ground-water 
flow velocities are slowest, it is easy to err by prema- 
ture cessation of a dye-trace. This is one of several 
reasons why the most efficient times for initial tracing 
are during moderate flow conditions and the recession of 
storm flow. 


Flow times significantly longer than anticipated (or even 
negative results) can also be a consequence of injection 
of dye at poor sites in which flow is significantly slower 
than in the subjacent drainage system. This is another 
reason to continue sampling longer than may appear to be 
necessary for dye-recovery. 


Sampling only at randomly located drill holes rather than 
at springs, cave streams, and wells that become turbid 
after heavy rains and wells drilled on photolineaments. 
The rationale for this statement is given and illustrated 
by Quinlan (1989a) and Quinlan and Ewers (1985). In 
brief, the probability of randomly located wells 
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intercepting a conduit conveying waste from a site ina 
karst terrane is about equal to that of a dart thrown at a 
wall map of the U.S. hitting the Mississippi River. Both 
events are possible, but the probability of each is 
extremely low. One can not afford to prospect blindly for 
cave streams by random drilling. 


Most randomly located wells in karst terranes are not 
suitable for monitoring the quality of ground water 
draining from a given site (Quinlan and Ewers, 1985). 
Some wells can be used as monitoring points, but only if 
dye-tests at high stage and low stage have shown that they 
are recharged from the site to be monitored. Each well 
that is to be dye-tested for suitability as a monitoring 
site should be pumped during the test at a rate that 
adequately senses flow in an aquifer but doesn’t distort 
the flow field. Pumping of domestic wells to yield a 
continuous discharge of 4 to 8 liters (1 to 2 gallons) per 
minute has been found to be quite satisfactory. A device 
for maximizing the efficiency of dye-recovery from pumped 
wells has been developed by the writer (Aley et al., 
1989). 


Use of an inadequate amount of tracer--an amount so small 
that it is likely to be diluted or sorbed to con- 
centrations far below the limit of detection. I know of 
situations where either corporate parties or a regulatory 
agency--for reasons ranging from fear of potentially 
adverse public reaction to problems of alleged toxicity to 
strong desire not to discover the truth--tried to prevent 
proposed dye-traces from having the slightest chance of 
success by deliberately limiting the amount of dye that 
could be used. The probable dilution of the dye proposed 
for use would have been to a concentration far lower than 
the limit of detection of the instrument employed to 
analyze for it. Investigators in other situations have, 
through ignorance, used too small an amount of dye. One 
cannot routinely expect a few ounces of dye to be 
unequivocally detectable 16 km (10 mi) away. 


When starting a tracing investigation in an area, one 
should always, if there is a choice, start with the 
simplest, most obvious trace, the one in which the results 
are most easily anticipated. This "calibration" procedure 
enables a better estimate of the amount of dye needed for 
that trace and other traces in the adjacent area. 


Use of a tracer inappropriate for the system under study, 
one that is likely to be totally or greatly sorbed by 
sediment or rock through which it passes, one that is 
reactive with a dissolved constituent in water, or one in 
which the fluoresence is quenched or enhanced by a 
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10. 


dissolved constituent or by pH. Until the "ideal" dye is 
synthesized and economically available, we must live with 
problems of sorption of dyes. As a generalization, the 
least sorbed dye commonly used for tracing is fluorescein; 
it is superior to Rhodamine WT in most settings where 
photodecomposition is not a problem (Smart and Laidlaw, 
L977) « Traces through coal mines are more likely to be 
successful if CI Acid Red 52 is used; other conventionally 
used dyes have a higher affinity for sorption by ferric 
hydroxide (Aldous and Smart, 1988). 


Quenching of dye fluoresence by chloride ions and decom- 
position of dyes by chlorine have been briefly described 
on p. 36. Graphs showing the quenching and enhancement of 
dye fluoresence by pH have been published by Smart and 
Laidlaw (1977) and Behrens (1982, 1987, 1988). Indeed, 
use of pH-control for selective suppression or enhancement 
of excitation and/or emission spectra can be used to 
minimize the interference effects of one dye upon another 
when a mixture of two or more of them are used simultane- 
ously and recovered at the same site (Behrens, 1982, 1987, 
1988). 


Many fluorescent dyes are suitable for tracing ground- 
water. Before beginning a dye-test, the characteristics 
of the site and the recovery areas must be evaluated and 
properties of various possibly suitable dyes must be 
compared (Quinlan, 1989b). 


Use of too high a value for the acceptable threshold of 
detectability of dye. A practical value for the detection 
limit of a fluorometer or a spectrofluorophotometer is the 
concentration of analyte which gives rise to an analytical 
signal equal to twice the background noise (Rendell, 1987, 
p. 136). Some investigators informally define the accept- 
able threshold of detectability, however, as many times 
this limit of detection. Such a practice is foolish and 
can prevent the recognition and acknowledgement of radial 
flow, distributary flow, and flow to a sole recovery site 
or multiple sites when a less than optimal amount of dye 
is used or recovered. One should always be skeptical and 
paranoid about anomalous results, especially those near 
the limit of detection, but they should be critically 
evaluated for their consistency with results that are more 
certain. 


Definition of background fluoresence and its variation as 
an aid to reliable determination of limit of detection is 
yet another reason why pre-trace background determinations 
are important. An interesting study of daily natural var- 
iations in background fluoresence has been made by Jones 
(1989). He found no variation for orange (Rhodamine WT), 
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moderate variation for green (fluorescein) [possibly 
related to leaching of horse manure], and extreme varia- 
tion in blue (optical brightener) background. This is not 
to say that any of these dyes were present as background. 
Rather, there were traces of unidentified substances in 
the water which a filter fluorometer detected as Saige 
they were dyes. 


11. Use of organizations and individuals inexperienced in the 
design, operation, and interpretation of tracer tests. 
Dye-tracing, like neurosurgery, can be done by anyone. 
But when either is needed, it is judicious and most cost- 
efficient to have it done by experienced professionals, 
those who have already made the numerous’ mistakes 
associated with learning or those who have trained under 
the tutelage of an expert and learned to avoid numerous 
procedural errors that could have economically and 
physically fatal consequences. 


12. Sampling for dye at only one side (the wrong side) of a 


spring with dual-basin flow. This procedural error has 
been explained in the discussion of EXCEPTIONS TO ASSUMP- 
TION #6. 


13. Placement of a dye-detector where contact with spring 
water or stream water is not continuous for the time 
between placement and recovery. The most common way for 
this to occur is to set the detector too high in the 
spring or stream channel rather than as low as possible. 
When stage falls, the detector is left high and dry, but 
it rises before the detector is recovered. A pulse of dye 
could come by after the detector was out of the water and 
be gone by the time it was again submerged. Another way 
of having the same effect is to have a curious passerby 
remove the detector and return it to the water a few days 
later. [This has actually happened! } 


Discussion 


These procedural errors are listed and discussed not as a 
"knave’s guide to duplicity" but as an aid for recognizing 
inadequate investigations. 


Quinlan, Ewers, and Field (1988) admitted having mixed 
feelings about telling how to get spurious results from tracer 
studies. Nevertheless, they believed that administrators and 
others who evaluate hydrogeologic studies of facilities must be 
able to differentiate between skilled, thorough, rigorous work 
and shoddy or inadequate work. If review of the evaluation 
report for a facility shows that one or more of the thirteen 
procedural deficiencies described above are present or that one 
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or more of the exceptions to the first eight routinely made 
assumptions may occur, the validity of the report is 
questionable. The ground-water traces are probably incomplete. 
Interpretations based upon them are unreliable. 


It is easy to conduct poorly-designed tracer studies that 
yield indeterminate results. For example, when the tracer is not 
recovered, what do the results, more specifically, the lack of 
positive results, mean? Both investigators and report evaluators 
who are inexperienced with tracer-test design are not likely to 
recognize that poor recovery of tracer may be a result of either 
poor design of the test or inept execution of it--or both. More 
commonly, both parties erroneously tend to accept a lack of 
tracer recovery as an indicator of diffuse flow, non-radial flow, 
or the alleged unreliability of tracers for characterizing the 
hydrology of a site. Investigators and report evaluators may 
then develop a false sense of security, believing that leakage 
has never occurred, or that ground-water flow velocities are very 
slow and like those in granular aquifers, or that a facility can 
be monitored by randomly drilled wells. 


There is another reason for listing the above causes of 
falsely negative tracer tests. The consultant or agency employee 
who knows well what constitutes bad tracer-test design and proto- 
col knows better what constitutes good design and protocol. Such 
knowledge can improve the quality of dye-test performance and 
evaluation. 


As repeatedly implied and stated throughout this document, 
short-cutting on rigorous design and protocol of water-tracing is 
a false economy. The environmental consequences, the ethical 
consequences, and the legal consequences of malpractice may be 
far too high to be ignored. 


Tracer tests are not intrinsically unreliable. They are 
reliable. It is tracer tests done by the inexperienced who are 
unaware of the assumptions they have made and unaware of how one 
can inadvertently get falsely negative and falsely positive 
results that are unreliable. 


One can learn much about dye-tracing by reading; one should. 
But before attempting complex traces that can affect the 
expenditure of hundreds of thousands or millions of dollars, it 
is judicious to learn also by experience on simple traces and by 
working with someone who has extensive dye-tracing experience. 
With dye-tracing, as with love-making, there is only so much one 
can learn from a book. In the quest for success, there is no 
substitute for experience. 
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SISYPHEAN LAMENT 


People concerned with monitoring are usually afflicted with 
one of two syndromes: "nothing leaks" or "everything leaks". 


The "nothing-leaks syndrome" is dominated by a rationale that 
"We designed it not to leak, therefore, it won’t." In the early 
stages this syndrome is characterized by a conviction that there 
is no problem with a facility unless an anomalous value for a 
parameter is detected by its monitoring system. In the advanced 
stages it is characterized by a conviction that there is no 
problem unless the anomalous parameter exceeds the proscribed 
limits for drinking water. In the terminal stages this syndrome 
is characterized by a conviction that there is no problem unless 
the anomalous parameter repeatedly exceeds drinking water stan- 
dards. By then it may be too late to prevent the consequences of 
pollution. 


The "“everything-leaks syndrome" is dominated by the rationale 
that few systems work as designed and Murphy’s Law is always 
operative. In the early stages this syndrome is characterized by 
a conviction that pollutants detected by a well-designed monitor- 
ing system are proof that the facility leaks. A deadly Catch-22 
logic rapidly brings the syndrome to a terminal stage in which 
those afflicted fanatically proclaim that if pollutants are not 
detected, the monitoring system is defective and needs to be 
improved. 


A symptom common to zealots afflicted with the pernicous ter- 
minal stage of each syndrome is intolerance for the irrationality 
of those afflicted by the terminal stage of the other. 


When people with each of these syndromes, especially in their 
terminal stages, must work together on a project, each side tends 
to keep the other honest--but often at the expense of a har- 
monious working relationship. Religion and politics are safer, 
less controversial topics of conversation. 


Would that reality were perceivable objectively and the same 
for all. This topic is eloquently discussed by Alexander (1989). 


CHECKLIST FOR DESIGN OF MONITORING SYSTEMS IN KARST TERRANES 


The following checklist can be used as a guide to the general 
sequence of operations necessary for the design of a monitoring 
system for ground water in most karst terranes, especially those 
characterized by conduit flow. The checklist is useless, 
however, without an understanding and application of the concepts 
espoused in this document. One should do the following: 


1. Review the geologic and hydrologic literature. 
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2. Study and interpret topographic and geologic maps. 
3. Make a spring survey. 

4. Review this document. 

5. Map the potentiometric surface, if possible. 

6. Design the dye-tracing study. 


7. Do the first trace, preferably during moderate flow condi- 
tions. 


8. Evaluate results of the first trace and modify the design 
of the tracing study, if necessary. 


9. Determine whether springs to which a facility drains are 
characterized by conduit flow or diffuse flow. 


10. Run other dye-traces during moderate flow, always 
modifying the tracing plan, as necessary, in the light of 
the results of each trace. For many facilities it is 
necessary to perform only two traces during moderate flow. 


11. Repeat selected traces during base flow and flood flow. 


12. Synthesize tracing results, available potentiometric data, 
and conductivity and turbidity data used to descriminate 
between conduit flow and diffuse flow into a monitoring 
plan. 


13. Have results of field studies and the proposed monitoring 
plan peer-reveiwed. 


SUMMARY 


In order to be relevant to detection monitoring for pollu- 
tants from waste-disposal facilities, water-quality data from 
karst terranes must be from springs, cave streams, and wells 
shown by tracing to drain from the facility to be monitored. 
Tracing should typically be done at least three times: when first 
convenient (during moderate-flow conditions, to quickly give a 
preliminary, tentative understanding of local movement of ground 
water) and later during both base flow and flood flow. The 
general prudence of tracing during all three types of flow condi- 
tions can not be overemphasized. 


Sites for monitoring background should be selected on the 
basis of: 
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1. Negative results of these tracing tests but from settings 
in which the rocks and waters are geochemically similar to 
those of the locations where the tracer tests were posi- 
tive. 


2. Cultural similarity. 


A map of the potentiometric surface, if it is based on enough 
data from an aquifer not complicated by aquicludes and aquitards, 
will greatly enhance one’s ability to efficiently design the 
necessary tracing tests, interpret them with greater confidence, 
and design an effective, reliable monitoring network. 


Sampling for water quality must be frequent and done before, 
during, and after storm and meltwater events. Base flow should 
be sampled between such events. 


Ground-water monitoring in karst terranes can be done 
reliably, but the analytical costs are likely to be significantly 
higher than those for other terranes. It could be far less 
expensive to locate a proposed facility in a non-karst terrane. 


There are many ways to design the placement and sampling 
frequency of a ground-water monitoring network in a karst terrane 
so that it inadvertently yields falsely negative results for the 
chemical compound(s) being sought. Accordingly, environmental 
consultants and regulators must be ever vigilant to be sure that 
negative results are not falsely negative and that positive 
results are not falsely positive--either accidentally or 
intentionally. . 


There is need for Federal and State regulations to officially 
recognize the utility and wisdom of ground-water monitoring at 
springs, cave streams, and traced wells. 


Numerous plausible, axiomatic rules (assumptions) can be 
stated about ground-water flow in karst terranes, but they are 
not absolutes. Exceptions are known for all but two of the ten 
rules cited; more exceptions will be discovered. 


It is easy to inadvertently get falsely negative results with 
any tracer, thus "proving" that a facility will not (or does not) 
leak and will not affect "x", If an investigator knows what 
these pitfalls are, he can avoid then. If a report evaluator 
knows them, he can recognize flawed investigations, reject then, 
and have them redone properly. 


Conflicts between designers, evaluators, and regulators over 
whether a monitoring system works or doesn’t work and how to 
interpret its data are often a result of irreconcilable philo- 
sophical convictions. Some people sincerely believe that a 
facility designed not to leak will not leak. Opponents are 
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equally convinced of the impossibility of long-term prevention of 
leakage and place great importance on judicious siting and 
skeptical interpretation of monitoring data. 


The monitoring strategies advocated here and discussed in 
more detail by Quinlan and Ewers (1985) work in most karst 
terranes characterized by recharge and by discharge at springs. 
They are also applicable to the delineation of wellhead and 
springhead protection areas. They are a significant advance over 
traditional monitoring strategies and have been recognized as 
such (Beck et al., 1987), but this document is far from the last 
word on the subject. Much remains to be learned and described. 
There is a need for publication of more case studies. 


EPILEGOMENON 


Dye-tracing is essential for the design of a monitoring 
system in a karst terrane. But why is it that professional 
geologists and engineers who would not think of venturing into 
the design of a building foundation, a landfill, or a well field 
without first having obtained some initial experience with such 
matters, and without a review of its design by a competent peer, 
all too often assume that anyone can do professional-quality dye- 
tracing on the first attempt? If one’s tracing experience is 
limited or nonexistent, the most astute, most ethical, and least 
expensive way to minimize the risks of costly litigation for 
tracing-related malpractice are to choose one of the following: 


1. Gain experience with one of the fewer than 10 individuals 
in North America who are adept at tracing with various 
types of dyes in complex hydrologic settings. 


2. Arrange for one of these individuals to do the tracer 
investigation--with the understanding that he will give 
some rudimentary training. 


3. Hire one of them to design the tracer investigation. 


4. At an absolute minimum, use one of them to review the 
design of the proposed tracer investigation. 


A thoroughly-experienced, adept tracing-consultant potential- 
ly saves his client many times his fee and greatly enhances the 
reliability of both tracer results and a proposed monitoring 
system. 


Some readers may choose to interpret the preceding part of 
this epilegomenon as a self-serving solititation offering 
consultation services. That would be unfortunate. Tt if AGE. 
Rather, it is an objective assessment of facts as viewed in the 
light of extensive experience. 
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Karst hydrology is foreign to the training and experience of 
most American geologists, hydrologists, and engineers. Indeed, 
only one of the commonly used hydrology texts gives more than 
lip-service recognition to the significant differences between 
flow in karst aquifers and flow in other aquifers (Fetter, 1988, 
Pp. 285-295, 233-246). 


Only three of the dozens of books, monographs, and manuals 
published on ground-water hydrology and/or monitoring during the 
past eight years include either a discussion or implication of 
the recommended strategy of monitoring springs, cave streams, and 
traced wells (Office of Ground-Water Protection, EPA, 1987, 1988; 
Mull et al., 1988), but the authors of at least one hydrology 
text in preparation strongly endorse it. Two recent textbooks on 
karst geomorphology and hydrology also endorse it (White, 1988; 
Ford & Williams, 1989). No journal papers even hint at the 
strategy, but there are numerous recent papers, chiefly by karst 
specialists, that do so in conference proceedings (Alexander et 
al., 1988; Aley, 1988; Beck, 1986; Field, 1988, 1989; Jennings, 
1988; Quinlan, 1986b, 1988a, 1989a; Quinlan & Alexander, 1987; 
Quinlan, Aley, & Schindel, 1988; Quinlan, Ewers, & Field, 1988). 
The review by Field (1988) summarizes evolving EPA thought on 
monitoring in karst terranes, but it is not an official statement 
or a draft of proposed agency policy. In brief, the scientific 
community has just begun to recognize the effectiveness of the 
traced-spring, -cave-stream, and -well monitoring strategy. 


It would seem that many pollution control agencies are about 


to recognize, at last, the "peculiarities" of karst and to 
promulgate their regulations accordingly. 
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to construct the map of the potentiometric surface (water table). 
There are about 2500 additional domestic wells in the map area 
south of Green River but, for various technical reasons, it was not 
possible to obtain water-level measurements from then. 


The green lines are water-level contours. Their elevation is 
expressed as feet above sea level and the interval between the 
contours is 20 feet. These lines indicate the elevation at which 
water would be found in a well or to which water would rise (and 
stand) in a well drilled at any locality. 


The flow of groundwater is downslope and generally in a 
direction perpendicular to the trend of the green lines. The depth 
from the ground surface to water in a well ranges from about 3 feet 
to 400 feet. 


The grey tone in the southern and eastern areas of the map 
represents limestone with interbedded shale and siltstone that 
generally prevents vertical circulation of groundwater. These 
shales and related silty rocks form an impermeable zone that sepa- 
rates the principal karst aquifer, several hundred feet thick, from 
limestone that is below it. 


This map is a minor revision of one first published in 1981. 
It is based on long-term field studies that include more than 500 
dye-traces, 2700 water-level measurements, and mapping of more than 
500 miles of cave passage (320+ miles by Cave Research Foundation 
teams, 60+ miles by National Park Service teams, and 110+ miles by 
principally 6 other organizations). 


More groundwater traces north of the Green River have been 
performed than just the three shown. The boundary of the McCoy 
Spring groundwater basin (#1) is quite different from the one 
shown. Additional traces are planned. 


One of the more significant results of the dye-tracing studies 


is the discovery that most large springs in the map area -- indeed, 
all those in the 20 larger groundwater basins -- are part of a 
distributary system within these basins. Water (or pollutants) 


from a point source can be dispersed to as many as 53 springs over 
a 12-mile reach of Green River, as in the Bear Wallow basin (#14). 
All other distributaries in the map area, however, are smaller. 


Another significant result is demonstration that, during 
moderate- and flood-flow conditions, some water may be diverted 
(decanted) from one groundwater basin to another. This is exempli- 
fied by flow from Turnhole Spring basin (#3) to the Sand Cave, Echo 
River, and Pike Spring basins (#4, 6, & 7). 


Perhaps the most significant result of the studies summarized 
on the map is recognition of how to reliably monitor for groundwa- 
ter quality in most karst terranes: Sample the springs, cave 
streams, and wells shown by tracing to drain from the facility to 
be evaluated. 
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The accompanying map shows the flow directions of groundwater 
in nearly all of the area south of the Green River between the 
Barren and Little Barren Rivers and north of Beaver Creek. The 
approximate scale is 1 inch = 2.2 miles. All of this area is 
underlain by cavernous limestone and is part of a karst terrane 
that includes thousands of sinkholes, about 100 sinking streams, 
and about 200 springs. Flow direction of groundwater is indicated 
by the curved red arrows. The red lines (solid and dashed) 
indicate the results of more than 400 dye-traces performed inter- 
mittently over a 7-year period. The wider the red lines are, the 
greater the volume of water that is flowing in cave streams (wiggly 
black lines) and discharging at springs (blue circles). The dashed 
red lines indicate flow routes that function only during flooding 
caused by rains. 


As shown in the box in the upper left corner, the approximate 
boundaries of 27 groundwater basins and 7 sub-basins south of the 
Green River have been determined. The basin boundaries are indi- 
cated by dashed black lines; sub-basin boundaries are indicated by 
dotted black lines. Generally speaking, all surface and subsurface 
water within the confines of the boundary of a groundwater basin 
flows to the same spring or group of springs. Accordingly, the map 
can be used to identify the land areas that may adversely affect 
the water quality of all the springs, cave streams, and wells 
shown. Also, each groundwater basin comprises a springhead pro- 
tection area. The wellhead protection area (WHPA) for specific 
wells must be inferred; delineation of a specific WHPA would 
require additional tracing studies. The map can also be used to 
predict the dispersal route of any toxic material or hazardous 
waste that may be discharged into the ground, put into a landfill 
that will leak, or accidentally spilled -- and to predict which 
water supplies might be adversely affected by such discharges, 
leaks, or spills. For example, the map shows that Mammoth Cave 
(exclusive of the connected Flint Ridge Cave System) can be 
adversely affected by contaminants injected into groundwater basins 
#3B, 3B1, 3B2, and 6 -- depending upon the flow conditions. 


Twenty-two of the 26 U.S. Geological Survey 7.5-minute topo- 
graphic quadrangles used to construct this map are identified by 
number and name in the northwestern corner of the box, in its upper 
left corner. The corners of these quadrangles are indicated by 
black crosses, about 1/4-inch wide, on the big map. 


Each of the green circles, triangles, and squares represents 
one of the more than 1500 domestic water wells used as data points 
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EDUCATION: 
Ph.D., Geology, The University of Texas at Austin, 1978 
Dissertation Title: Types of Karst, with Emphasis on Cover Beds in their 
Classification and Development 
B.S., Geology, Virginia Polytechnic Institute, Blacksburg, Virginia, 1959 
Eighteen professional short-courses in geologic, hydrologic, engineering, hazardous 
waste, and legal topics, since 1977 


PROFESSIONAL REGISTRATION: 
Certified Professional Geologist, Indiana #498 
Professional Geologist, South Carolina #580 
Professional Geologist, Tennessee #1272 


EMPLOYMENT EXPERIENCE: 

Principal Hydrogeologist, Quinlan & Associates, Nashville, Tennessee, January 1991 
to date. Solve numerous practical problems of groundwater movement in 
karst terranes and in landscapes characterized by other types of fractured 
rocks. Design and perform both simple and complex tracing investigations, 
chiefly in karst terranes. Evaluate tracing investigations planned by others. 
Perform peer review of hydrogeologic reports. Design and evaluate wellhead 
and springhead protection plans for water supplies in karst terranes. Evaluate 
environmental impacts of landfills and spills, especially in karst terranes. 
Teach course in wellhead protection in karst terranes. Design and evaluate 
groundwater monitoring systems for karst terranes. Provide services for 
analysis of fluorescent dyes. Represent clients before state agencies. Clients 
have included the World Bank, Westinghouse Corporation, Federal agencies, 
municipalities, major environmental and cai, consulting firms, and 
citizen groups. 

Senior Hydrogeologist, ATEC Environmental Soreuliane, Nashville, Tennessee, 
1989-1991. Specialized in tracing groundwater as an aid to evaluation of 
environmental consequences of spills and waste disposal; evaluated proposals 
for groundwater remediation in karst aquifers and made recommendations; 
evaluated suitability of sites for landfilling and represented clients before state 


agencies; evaluated problems of sinkhole stability and remediation and 
recommended solutions; reviewed hydrogeologic reports and site assessments. 

Research Geologist, National Park Service, Mammoth Cave National Park, 
Mammoth Cave, Kentucky, 1973-1989. Work included: research on karst 
hydrogeology of the park and surrounding area; dye-tracing and delineation 
of groundwater basins -- and developing new techniques for doing so; advising 
superintendents of Mammoth Cave National Park, superintendents of several 
other national parks, and conservation organizations on hydrologic and 
environmental matters concerning karst terranes; performing necessary 
hydrologic research in several other national parks and monuments; 
monitoring and coordinating of research at Mammoth Cave National Park; 
evaluating landfill sites and landfill designs and their potential threats to 
groundwater quality; responding to accidental spills of hazardous materials 
that threatened public safety and the biota of Mammoth Cave; lecturing to 
numerous groups; writing more than 100 publications concerning research 
results; and advising the following Federal and State agencies about matters 
concerning the hydrology and geochemistry of limestone terranes and 
appropriate methods of study: National Park Service, U.S. Geological Survey, 
Army Corps of Engineers, Environmental Protection Agency, Army Water- 
ways Experiment Station, Tennessee Valley Authority, Soil Conservation 
Service, Fish and Wildlife Service, Kentucky Division of Water, Kentucky 
Division of Waste Management, Kentucky Geological Survey, Michigan 
Geological Survey, Iowa Geological Survey, and Texas Bureau of Economic 
Geology. Also testified in courts as an expert witness. 

Instructor, Florida Sinkhole Research Institute, Orlando, Florida, 1988. Taught 1- 
week course, "Engineering and Geology of Karst Terranes" (with 8 co- 
instructors). 

Consultant Hydrogeologist, | Environmental Science and Engineering, Inc., 
Gainesville, Florida, 1987 to date. Dye-tracing and evaluation of groundwater 
contamination at a Superfund site in karst of the Appalachians of Pennsylva- 
nia. 

Consultant Hydrogeologist, Citizens for a Clean Environment, Inc., Florence, 
Alabama, 1987-1988. Evaluation of a site in a karst terrane which was 
proposed for a landfill. 

Consultant Hydrogeologist, Ford Motor Company, Dearborn, Michigan, 1987. 
Evaluated possibilities of groundwater contamination in a karst terrane, 
recommended an investigation, and suggested monitoring protocols. 

Consultant Hydrogeologist, Maryland Water Resources Administration, Annapolis, 
Maryland, 1987-1988. Evaluated effects of proposed pumping of groundwater 
at an Appalachian limestone quarry on discharge of a spring at a nearby state 
fish hatchery and recommended a dye-tracing program for evaluating these 
effects. Also, evaluated probable effects of groundwater pumpage on sinkhole 
development and well yields near other limestone quarries. 

Consultant Hydrogeologist, Citizens Against Pollution, Inc., Knoxville, Tennessee, 
1987. Evaluated suitability of proposed landfill site in a karst terrane. 


Consultant Hydrogeologist, Donohue & Associates, Inc., Sheboygan, Wisconsin, 
1986-1990. Evaluated proposed study of waste disposal site in a karst terrane 
of southeastern Minnesota; designed, supervised, and evaluated tracing 
investigation, and served as Quality Assurance Coordinator for a complex dye- 
trace in fractured dolomite and limestone. 

Consultant Hydrogeologist, A.T. Kearney, Inc. (Contractor for Environmental 
Protection Agency), Alexandria, Virginia, 1986 to date. Evaluated the 
proposed monitoring network for a waste disposal site in a Puerto Rican karst 
terrane; evaluated sinkhole development; proposed a dye-tracing program; 
and evaluated Quality Assurance /Quality Control (QA/QC) protocols for dye- 
traces. 

Consultant Hydrogeologist, Turner Designs (Manufacturer of fluorometers used for 
dye-tracing studies), Mountain View, California, 1986 to date. Writing manual 
on dye-tracing techniques and wrote (with P.L. Smart and F. Whittaker, 1988) 
annotated review of literature concerning dye-tracing in granular media. 

Consultant Hydrogeologist, ATEC Associates, Inc., Louisville, Kentucky, 1986. 
Evaluated validity of conclusions of an investigation of the subsurface geology 
and hydrology of land beneath a $20,000,000 plant proposed for construction 
in a karst terrane in Kentucky. 

Instructor, National Water Well Association, 1986 to date. Annually taught 1-week 
course, "Practical Karst Hydrogeology, with Emphasis on Groundwater 
Monitoring" (with 2 co-instructors). 

Consultant Hydrogeologist, Watermeyer, Legge, Piesold and Uhlman (Engineering 
consultants employed by Western Areas Gold Mining, Ltd., to evaluate an 
experimental grouting program in a dolomite terrane that overlies a gold mine 
in the Transvaal of South Africa), Rivonia, South Africa, 1984-1985. Work 
included evaluation of dye-tracing already done and recommendations for 
future studies which were to be part of a $40,000,000 proposed project to 
create a grout blanket that would have perched ground-water above the mine 
and greatly decreased a 32,000,000 gallon per day inflow into it, thus greatly 
lessening the costs of pumping from a depth of 1500 feet. Instead, it was 
decided to de-water the entire area. 

Consultant Hydrogeologist, Union Oil Company of Canada, Ltd., Calgary, Alberta, 
1982. Advised on preservable characteristics of karst landscapes and their 
possible relations to oil traps in paleokarsts. 

Consultant Hydrogeologist for various other clients, 1980 to date. Did dye-tracing 
in limestone areas for numerous purposes, including evaluation of suitability 
of proposed sites for domestic water wells; gave depositions and testified in 
courts relative to interpretation of dye-traces and problems of sinkhole 
flooding; and advised attorneys on: contamination of springs by oil field 
brines, environmental suitability of proposed waste disposal sites, origin of 
sinkholes, and remediation of sinkholes. Also assisted in the drafting of 
legislation concerning protection of groundwater quality in karst terranes. 

Member of Graduate Faculty, Western Kentucky University, Bowling, Green, 
Kentucky, June 1980. Taught course on karst hydrogeology. 


Research Associate, Department of Mechanical Engineering, Waterloo University, 
Waterloo, Ontario, 1973. Compiled and synthesized data for a report to the 
National Parks Board on karst regions of Canada. 

University Fellow and Research Associate, Department of Geography, McMaster 
University, Hamilton, Ontario, 1970-1972. Taught courses in karst geomor- 
phology, limestone petrology, and surveying; did fieldwork in the Canadian 
Rockies, bibliographic research; and wrote several publications. 

Consultant Geologist, Homestake Mining Co., San Francisco, California, 1967-1970. 
Compiled and synthesized data on surface and subsurface geology, land 
ownership, uranium leases, and topography for 15,000 square miles of South 
Texas (the approximate equivalent of 72 7.5-minute topographic quadrangles) 
and made a series of maps, cross sections, and overlays that were instrumental 
in the discovery of more than $20,000,000 worth of uranium ore; provided 
liaison between the company and various State and Federal agencies. 

Consultant Geologist, Mercator, Inc., Denver, Colorado, August 1969. Selected and 
purchased books, maps, and reports to form a company library on the geology 
and mineral resources of the western U.S. and organized a data retrieval 
system for this library. 

Teaching Assistant, The University of Texas at Austin, Department of Geological 
Sciences, 1963-1966. Taught laboratory portion of courses in physical and 
historical geology, engineering geology, sedimentology, and carbonate 
petrology. 

Assistant Geologist, Susquehanna-Western, Inc., Falls City, Texas, 1960-1963. Did 
exploration, development, and mining of uranium deposits in Texas, Idaho, 
and Arizona; developed a radiometric assaying procedure that cut time and 
costs to less than 1% of former levels, thus saving more than $500,000. 

Geological Assistant, Virginia Division of Mineral Resources, Charlottesville, Summer 
1959. Made field survey and compilation of data on 1300 coal mines in 
Buchanan County, Virginia. 

Mining Consultant, Robert Wiatt, Blacksburg, Virginia. February 1959. Evaluated 
guano deposits in a cave. 

Roughneck, L & H Drilling Co., Wichita Falls, Texas. August 1958. Worked as lead- 
tong man on oil-drilling rig. 

Geological Assistant, Shell Oil Company, Abilene, Texas, June-July 1958. Did 
subsurface geology and field mapping. 

Co-operative Student Electrical Engineer, Philco Corp., Philadelphia, Pennsylvania. 
Four quarters during 1955-1956. Did radar circuit research, life and environ- 
mental testing of transistors, quality control supervision of radio tube 
production lines, and assembled torpedoes to be used by submarines. 


FIELD EXPERIENCE: 


Studied karst in the following 25 states and territory: 
California, Nevada, Utah, Arizona, Colorado, South Dakota, New Mexico, 
Texas, Oklahoma, Minnesota, Indiana, Kansas, Missouri, Arkansas, 
Kentucky, Iowa, Tennessee, Alabama, Georgia, Florida, West Virginia, 
Virginia, Maryland, Pennsylvania, New York, and Puerto Rico; 
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three provinces of Canada (Ontario, Alberta, and British Columbia); 
and in the following 22 countries: England, Ireland, Wales, France, Belgium, 
Netherlands, West Germany, East Germany, Switzerland, Italy, 
Czechoslovakia, Yugoslavia, Hungary, Poland, Roumania, Greece, 
Turkey, Spain, South Africa, Mexico, China, and Bahamas (San 
Salvador). 
Studied the geology of Crater Lake National Park, Oregon, as related to contamina- 
tion of groundwater and the lake itself. 
Studied the petrology of limestones in the Mammoth Cave area of Kentucky (under 
the supervision of Prof. Robert L. Folk, The University of Texas at Austin). 
Found, explored, developed, and mined uranium deposits in Texas; evaluated 
uranium deposits in Arizona and Idaho. 
Studied coal deposits in southwestern Virginia. 
Mapped geology in Virginia, California, Kentucky, Texas, and the Canadian Rockies. 


HONORS AND AWARDS: 

Invited Participant and Keynote Speaker. Dolomitic Hydrology Workshop. 
Groundwater Division of Geological Society of South Africa. Pretoria, South 
Africa, 1988 

Special Achievement Award Based on Sustained Superior Performance. National 
Park Service, 1987 

E. B. Burwell, Jr. Award for "a published work of distinction which advances 
knowledge concerning principles of practice of engineering geology." 
Geological Society of America, 1986 

Invited Participant. International Symposium on Evaporite Karst, Bologna and 
Palermo, Italy, 1985 

Adjunct Professor. Department of Geology, Eastern Kentucky University, Richmond, 
Kentucky, 1984 to date 

Honorary Patron. Karstologia, a biennial international journal published by the 
Association Francaise de Karstologie and the Federation Francaise de 
Speleologie, 1983 to date 

Invited Participant. National Science Foundation Workshop on Research Needs in 
Hydrology and Water Resources of Karstified Carbonate Terranes, George 
Washington University, Washington, D.C., 1980 

Special Achievement Award for Research. National Park Service, 1979 

Adjunct Professor. Department of Engineering Technology and Department of 
Geography and Geology, Western Kentucky University, 1975-1982 

Annual Award for Presentation of Best Paper. Department of Geological Sciences 
(University of Texas), May 1969 

Invited Participant. Colloque de Karstologie-Speleologie de Languedoc-Provence, 
1968 

Pan-American Petroleum Company Fellowship, 1966-1967 

National Speleological Society Research Award, 1966 

Cave Research Foundation Fellowship, 1963 


SCIENTIFIC REVIEW RESPONSIBILITIES: 

Reviewer for manuscripts submitted to Ground Water, Ground Water Monitoring 
Review, Water Resources Research, Bulletin of the Association of Engineering 
Geologists, and U.S. Environmental Protection Agency 

Reviewer for evaluation of research proposals submitted to National Park Service, 
U.S. Environmental Protection Agency, Kentucky Water Resources Research 
Institute, Natural Sciences and Research Council of Canada, and National 
Speleological Society 

Thesis Committee of students performing karst hydrologic research at Eastern 
Kentucky University and the University of Toledo 

Invited participant, Workshop on Guidance for the Wellhead Protection and Sole 
Source Aquifer Demonstration Programs, U.S. Environmental Protection 
Agency, Washington, D.C., 1987 


MAJOR LECTURE INVITATIONS: 

Wellhead Protection Training Course, U.S. Environmental Protection Agency, San 
Juan, Puerto Rico, May 1991 

Institute of Hydraulic Engineering, Universitat Stuttgart, Stuttgart, Germany, 
February 1991 

Missouri Governor's Conference on Natural Resources, Columbia, Missouri, April 
1990 

Symposium on Virginia Localities for Waste Management and Groundwater 
Protection, Virginia Military Institute, Lexington, Virginia, April 1990 

Institute for Applied Geology, Universitat Karlsruhe, Karlsruhe, Germany, March 
1990 

International Atomic Energy Agency, Vienna, Austria, March 1990 

Ozark Watershed Conference, Springfield, Missouri, June 1989 (Banquet Speaker) 

University of Toledo, Toledo, Ohio, May 1989 

University of Nevada at Las Vegas, April 1989 

U.S. Environmental Protection Agency, Washington, D.C., March 1989 

Wellhead Protection Conference, New Orleans, Louisiana, November 1988 

Symposium on Development of the Rocky Hills of the Guangxi Zhuang Autonomous 
Region, Guilin, China, October 1988 

U.S. Environmental Protection Agency, Environmental Monitoring Systems 
Laboratory, Las Vegas, Nevada, April 1988, March 1991 

Institute of Hydrology, Gesellschaft fur Strahlen- und Umwelt-forschung Munchen, 
Munich, Germany, April 1988 

Dolomitic Groundwater Workshop, Pretoria, South Africa, March 1988 (Keynote 
Speaker) 

Geological Society of South Africa, Ground Water Division, Johannesburg, South 
Africa, March 1988 

South African Institute of Engineering Geologists, Johannesburg, South Africa, 
March 1988 

Oak Ridge National Laboratory, Oak Ridge, Tennessee, September 1987 

Tennessee Groundwater Conference, Nashville, Tennessee, May 1987 (Banquet 
Speaker) 


Purdue University, West Lafayette, Indiana, April 1987 

University of South Florida, Tampa, Florida, February 1987 

International Symposium on Evaporite Karst, Bologna and Palermo, Italy, October 
1985 

National Highway Geology Symposium, Louisville, Kentucky, May 1985 (Banquet 
Speaker) 

Governor's Conference on the Environment, Frankfort, Kentucky, September 1984 
and 1985 

Wright State University, Dayton, Ohio, May 1984 

Vanderbilt University, Nashville, Tennessee, October 1982 

Virginia Polytechnic Institute and State University, Blacksburg, Virginia, May 1982 

University of Bristol, Bristol, England, October 1981 and 1988 

Kentucky Association of State Chemists, Frankfort, Kentucky, March 1981 

College of Charleston, Charleston, South Carolina, February 1981 

Charles University, Prague, Czechoslovakia, October 1980 

Seminar on Individual Water Supply and Wastewater Disposal: Needs and Solutions 
in Karst Regions of Kentucky, Western Kentucky University, Bowling Green, 
Kentucky, March 1980 (Banquet Speaker) 

University of Kentucky, Lexington, Kentucky, November 1979 

U. S. Geological Survey, Denver, Colorado, March 1979 

Oxford University, Oxford, England, October 1976 

University of the Witwatersrand, Johannesburg, South Africa, June 1968, March 1988 


OTHER PRESENTATIONS: 

More than 60 papers have been given at national professional meetings and more 
than 20 at international meetings in North America, Europe, Africa, and Asia. 

More than 60 slide-illustrated lectures have been given before local civic clubs, 
conservation and university groups, other organizations, and clients. Many 
interviews have been given for local radio and TV broadcasts, for both local 
and national newspaper articles, and for national magazines such as 
Smithsonian Magazine, Audubon Magazine, and Engineering News-Record. (My 
photographs showing research activities have been published in Smithsonian 
Magazine, and Audubon Magazine, and several books) 

More than a hundred 1- to 4-day field excursions on the hydrogeology of the 
Mammoth Cave area have been conducted for professional societies, state 
agencies, legislative research teams, university groups, other organizations, and 
professional colleagues. 


ORGANIZATIONAL MEMBERSHIPS: 
American Academy of Forensic Sciences : 
American Association of Textile Chemists and Colorists 
American Cave Conservation Association (Director) 
American Geophysical Union 
American Society for Testing and Materials (ASTM) (Chairman of Task Group on 
Groundwater Monitoring Procedures in Karst Terranes) 
American Water Resources Association 
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Association Francaise de Karstologie 

Association of Ground Water Scientists and Engineers (Director, 1987 to 1991); 
Liaison with ASTM Subcommittee on Groundwater Monitoring) 

British Cave Research Association 

British Geomorphological Research Group 

British Hydrological Society 

Cave Research Foundation 

Geological Society of America (Fellow) 

Hazardous Materials Control Research Institute 

History of Earth Science Society 

History of Science Society 

International Association of Engineering Geology 

International Association of Geochemistry and Cosmochemistry 

International Association of Hydrogeologists 

International Association of Hydrological Sciences 

International Mine Water Association 

Kentucky Water Well Association 

National Association of Environmental Professionals 

National Speleological Society (Fellow) 

Photographic Historical Society of America 

Scientific Instrument Society 

Society of Economic Paleontologists and Mineralogists 

Society for the History of Technology 

United Kingdom Environmental Law Association 


MEMBERSHIP IN NATIONAL AND INTERNATIONAL COMMITTEES: 

Advisory Group on Use of Artificial Tracers in Hydrology, International Atomic 
Energy Agency, Vienna, Austria, 1990 to date 

Task Group on Groundwater Monitoring Procedures in Karst Terranes, American 
Society for Testing and Materials (ASTM), Chairman, 1987 to date 

Committee on Safety, Health, and Environmental Technology, American Association 
of Textile Chemists and Colorists, 1987 to date 

Commission for Karst Hydrogeology, International Association of Hydrogeologists, 
1985 to date 

International Working Group on Tracer Methods in Hydrology, 1986 to date 

Subcommission for the Protection and Development of Karst Areas, International 
Speleological Union. Chairman, 1973-1977 


PROFESSIONAL INVOLVEMENT IN COMMUNITY AFFAIRS: 

Groundwater Monitoring Regulations Advisory Committee and Groundwater Quality 
Standards Advisory Committee, Kentucky Department of Natural Resources 
and Environmental Protection, Division of Water 

Hazardous Waste Task Force, Kentucky Department of Natural Resources and 
Environmental Protection, Division of Waste Management 

Citizens Advisory Council, Ohio River Basin Commission 


Rural Clean Water Co-ordination Committee for Barren County, Kentucky, U.S. 
Agricultural Stabilization and Conservation Service 

Natural Resources Council, Barren River Area Development District, Kentucky 

Technical Advisor, Caveland Sanitation Authority 

Groundwater Technical Advisory Committee, Mammoth Cave Area 201 Regional 
Sewage Disposal Plan, Environmental Protection Agency 

Kentucky Cave and Rock Rescue Team, Kentucky Disaster and Emergency Services 
Organization 


INVOLVEMENT IN ORGANIZATION OF PROFESSIONAL MEETINGS: 

Association of Ground Water Scientists and Engineers (Hydrology, Ecology, 
Monitoring, and Management of Karst Terranes Conference, Nashville, 
Tennessee, December 1991): Program Chairman 

Geological Society of America (North-Central Section meeting, Toledo, Ohio, March 
1991): Moderator of Engineering Geology session 

Association of Ground Water Scientists and Engineers (Symposium on Tracers in, 
March 1991 Hydrogeology: Principles, Problems, and Practical Applications, 
Houston, Texas, November 1989): Program Chairman 

Association of Ground Water Scientists and Engineers (Symposium on Flow and 
Transport in Low Permeability Settings, Las Vegas, Nevada, December 1988): 
Moderator 

Association of Ground Water Scientists and Engineers (Environmental Problems in 
Karst Terranes and Their Solutions, Nashville, Tennessee, November 1988): 
Organizing Committee, Field Excursion Leader, and Moderator 

International Association of Hydrogeologists (21st Conference, Guilin, China, 
October 1988): Co-chairman of session on Karst Geochemistry, Groundwater 
Tracing, and Thermal Waters in Karst Areas 

Multidisciplinary Conference on Sinkholes and Environmental Impacts of Karst, 
Orlando, Florida, February 1987: Chairman of session on Planning for 
Development of Karst Terranes 

National Water Well Association (Environmental Problems in Karst Terranes and 
Their Solutions, Bowling Green, Kentucky, October 1986): Organizing 
Committee, Field Excursion Leader, and Moderator 

International Symposium on Underground Water Tracing (Quinquennial meeting, 
Athens, Greece, September 1986): Co-chairman of session on Techniques of 
Artificial Tracing 

Geological Society of America (Annual meeting, Cincinnati, November 1981): 
Organizer and Co-chairman, Symposium on Groundwater Flow in Karst 
Systems; Organizer and Co-leader of 4-day field excursion, Hydrogeology of 
the Mammoth Cave Region. 

Geological Society of America (Southeastern Section meeting, Bloomington, Indiana, 
April 1981): Co-chairman of Hydrology and Geomorphology Session 
International Speleological Congress (Bowling Green, Kentucky, July 1981): Scientific 
Program Committee, Field Excursion Leader, and Co-Chairman of Tropical 

Karst Session 


Friends of the Karst (Biennial meeting, Mammoth Cave, Kentucky, May 1979): 
Organizer and Chairman 

Geological Society of America (Southeastern Section meeting, Chattanooga, 
Tennessee, March 1978): Co-chairman of Hydrology Session 

International Symposium of Hydrologic Problems in Karst Areas (Western Kentucky 
University, Bowling Green, Kentucky, 1976): Organizing Committee and Field 
Excursion Leader 


PUBLICATIONS: 

Co-editor, Water Tracing Newsletter, 1991 to date 

Associate Editor, Journal of Spelean History, 1975-1976 

Assistant Editor, Caves and Karst, 1967-1974 

More than 150 publications concerning: groundwater monitoring in limestone 
terranes, strategy for responding to spills of hazardous materials in karst 
areas, hydrogeology and geomorphology of the Mammoth Cave Region, 
techniques for tracing groundwater, toxicity of tracer dyes, types of karst, legal 
aspects of sinkhole development and flooding, cave mineralogy, the history of 
mapping of Mammoth Cave of Kentucky, 19th century photography in caves, 
humic acids in caves, salt karst, and gypsum karst. Many of these publications 
have been cited in leading textbooks, agency documents, consultant's reports, 
and in scientific works published in more than 10 countries. A list of 
publications is available upon request. 

Twenty of the more significant recent publications are: 

Selection, toxicity, and use of fluorescent dyes for tracing ground water: 1. 
What is safe, why, where, and when? and 2. How much is enough? 
(with M.S. Field and R.G. Wilhelm): [ms. submitted to Ground 
Water] 

Ground-Water Monitoring in Karst Terranes: Recommended Protocols and 
Implicit Assumptions. U.S. Environmental Protection Agency, 
Environmental Monitoring Systems Laboratory, Las Vegas, Nevada. 
EPA/600/X-89/050. 88 p., 1989. [Final version is in review] 

Special problems of groundwater monitoring in karst terranes: in Neilsen, D. 
M., and Johnson, A.I., eds., Symposium on Standards Development for 
Ground Water and Vadose Zone Monitoring (Albuquerque, N.M.), 
Proceedings. American Society for Testing and Materials (ASTM), 
Special Technical Paper 1053, p. 275-304, 1990. 

Protocol for reliable monitoring of groundwater quality in karst terranes: in 
Karst Hydrogeology and Karst Environment Protection. International 
Association of Hydrogeologists, Congress (21st, Guilin, China), Proceed- 
ings. v. 21, pt. 2, p. 888-893, 1988. ; 

Water-tracing with fluorescent dyes, Part 1: Field tests in granular aquifers, 
soils, and other sediments, an annotated bibliography (with P.L. Smart 
and F. Whitaker): Fluorometric Facts, Tracer Notes No. 1. Turner 
Designs, Mountain View, California. 19 p., 1988. 

Investigation of flood pulse movement through a maturely karstified aquifer 
at Mammoth Cave National Park, Kentucky (with J. Meiman and R.O. 
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Ewers): Environmental Problems in Karst Terranes and Their Solutions 
Conference (2nd, Nashville, Tenn.), Proceedings. National Water Well 
Association, Dublin, Ohio. p. 227-263, 1988. 

How to use ground-water tracing to "prove" that harmful materials from a site 
in a karst terrane will not occur (with R.O. Ewers and M.S. Field): 
Environmental Problems in Karst Terranes and Their Solutions Confer- 
ence (2nd, Nashville, Tenn.), Proceedings. National Water Well 
Association, Dublin, Ohio. p. 289-301, 1988. 

Mapping caves from the surface of karst terranes by the natural potential 
method (with A.L. Lange): Environmental Problems in Karst Terranes 
and Their Solutions. National Water Well Association, Dublin, Ohio. 
p. 369-390, 1988. 

How often should samples be taken at relevant locations for reliable 
monitoring of pollutants from an agricultural, waste disposal, or spill 
site in a karst terrane? A first approximation (with E.C. Alexander, 
Jr.): Multidisciplinary Conference on Sinkholes and Environmental 
Impacts of Karst (2nd, Orlando, Florida), Proceedings, p. 277-286, 1987. 

Recommended procedure for evaluating the effects of spills of hazardous 
materials on ground-water quality in karst terranes: Environmental 
Problems in Karst Terranes and Their Solutions Conference (Bowling 
Green, Ky.), Proceedings, p. 183-196, 1986. 

Discussion of Ground Water Tracers by Davis et al. (1985), with emphasison 
dye-tracing, especially in karst terranes: Ground Water, v. 24, no. 2, p. 
253-259 and no. 3, p. 396-397, 1986. (Reply: p. 398-399) [Invited 
review of manual] 

Reliable monitoring in karst terranes: it can be done, but not by EPA- 
approved methods (with R.O. Ewers): Ground Water Monitoring 
Review, v. 6, no.1, p. 4-6, 1986. [Invited Editorial] (Reply to Discus- 
sion: v. 6, no. 4, p. 42) 

Application of dye-tracing to dam-site evaluation in a Kentucky karst terrane: 
in Gunay, G., and Johnson, A.I., eds., Karst Water Resources [Proceed- 
ings of a symposium held in Ankara, Turkey, 1985]. International 
Association for Scientific Hydrology, Publication no. 161, p. 533-544. 

Legal aspects of sinkhole development and flooding in karst terranes: 1. 
Review and syntheses: Environmental Geology and Water Sciences, v. 8, 
p. 41-61, 1986. 

Groundwater flow in limestone terranes: Strategy rationale and procedure for 
reliable, efficient monitoring of ground water quality in karst areas 
(with R.O. Ewers): National Symposium and Exposition on Aquifer 
Restoration and Ground Water Monitoring (Sth, Columbus, Ohio), 
Proceedings, p. 197-234, 1985. [Paper was selected by the Geological 
Society of America for the 1986 E.B. Burwell, Jr. Award. The award 
is given annually “to the author or authors of a published work of 
distinction which advances knowledge concerning principles or practice 
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of engineering geology, or of the related fields of applied soil or rock 
mechanics where the role of geology is emphasized."] 
Groundwater hydrology and geomorphology of the Mammoth Cave Region, 
Kentucky, and of the Mitchell Plain, Indiana (with R.O. Ewers, J.A. 
Ray, R.L. Powell, and N.C. Krothe): in Shaver R.H., and Sunderman, 
J.A., eds., Field Trips in Midwestern Geology: Bloomington, Indiana, 
Geological Society of America and Indiana Geological Survey, v. 1, p. 
1-85, 1983. 
Groundwater basin delineation with dye-tracing, potentiometric surface 
mapping, and cave mapping, Mammoth Cave Region, Kentucky, 
U.S.A.: International Symposium on Underground Water Tracing (4th, 
Bern, 1981), Proceedings: Beitraege zur Geologie der Schweiz - 
Hydrologie, v. 28, pt. 1, p. 177-198, 1982. 
Groundwater basins in the Mammoth Cave Region, Kentucky, showing springs, 
major caves, flow routes, and potentiometric surface (with J.A. Ray): 
Friends of the Karst, Occasional Publication, no. 1, 1981. Revised 
edition is no. 2, 1989. [Map] 
Preliminary speculations on the evolution of groundwater basins in the 
Mammoth Cave Region, Kentucky (with R.O. Ewers), in Roberts, 
T.G., ed.: GSA Cincinnati 81 Field Trip Guidebooks. American 
Geological Institute, Washington, D.C., v. 3, p. 496-501, 1981. 
A major manual in preparation is: The Joy of Dyeing: A Compendium of Practical 
Techniques for Tracing Ground Water, Especially in Karst Terranes (with T. Aley, E.C. 
Alexander, Jr., and H. Behrens): Dublin, Ohio, National Water Well Association, 
1992, 


BIBLIOGRAPHIC RESOURCES: 
I have assembled the largest personal library of karst-related publications in the 
world -- more than 20,000 items from more than 60 countries. This unique asset, 
and mastery of its contents, expedite efficient solutions to many problems. 


ANALYTICAL RESOURCES: 
I own and operate the most modern laboratory in North America devoted to the 
analysis of fluorescent dyes used for water tracing. 


REFERENCES: 
Furnished upon request. 
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1950 
Date: MAY 2.1 1985 


Mr. Brad L. Doores, 
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Dear Brad, 

In consultation with Jess Thompson (Facilitator for the Canyon Mine EIS), and 
in accordance with paragraph B.1. of our Memorandum of Understanding, I have 
reviewed the credentials of the following individuals and have selected them 
as subcontractors for technical input to the EIS pending their availability 
to provide the needed information. 


1. Errol L. Montgomery and Associates, Inc., Consultants in 
Hydrogeology. 


--Quantities of ground water that could be used at the mine as a 
percent of flow at Redwall Springs. 


--Aquifer contamination potential (heavy metals and redionuclides); 
mitigating measures and monitoring plan. 


2. John McKlveen, Professor, Arizona State University, Radiation 
Consultant. 


--Background (pre-mine) radiation data from surface water, soil and 
ground water. 


--Baseline radon data from mine site, Tusayan, and Grand Canyon. 
3. Charles F. Leaf, Consulting Hydrologist. 


-—One-hundred (100) year flood quantity and routing under local 
thunderstorm and general frontal storm conditions. 


-—-Sediment transport distances and quantities in these situations, 
with stockpiled ore as unlimited sediment source. 
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-Brad L. Doores, 2 


It is my understanding that a fourth consultant is being sought for the 
evaluation of the effects of the proposed mine on air quality (emissions and 
dust). 


Most of the Interdisciplinary (ID) Team have only recently been freed of 
other responsibilities in order to devote time to this new task. Even so, 
there has already been significant progress in the EIS process on the Forest. 


We have: a) published the "Notice of Intent," b) sent out more than 2,000 
letters asking for public input to the scoping process, c) conducted a public 
scoping meeting, d) identified individuals with the needed disciplines to be 
used (in-house) in the ID Team, e) made the necessary work assignments, and 
f) contacted Arizona Game and Fish Department and EPA about the possibility 
of having cooperating agency status in the preparation of the EIS. 


We have asked for preliminary input from the team members by June 7, 1985. 
Shortly therafter we will have a more substantive progress report for you. 


It remains our hope to have a Draft EIS by August. With so many individuals 
involved, much will depend on our ability to assemble their respective 
parts. 


We appreciate your assistance and look forward to our continued cooperation. 


Sincerely, 
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CANYON MINE 
ADMINISTRATIVE APPEAL 
CASE #03072078 


DECISION OF THE CHIEF 
USDA FOREST SERVICE 


IN RESPONSE TO: 


APPEALS OF THE MERITS OF 
THE SOUTHWESTERN REGIONAL FORESTER'S 
AUGUST 28,1987 DECISION 
APPROVING ENERGY FUELS NUCLEAR'S 
PLAN OF OPERATIONS FOR THE CANYON MINE 


Appellants: the Arizona Wildlife Federation, Friends of the 
River, the Havasupai Indian Tribe, Phyllis Hogan and James 
Mahoney, the Hopi Indian Tribe, Ian Root, the Sierra Club 
and Reverend Garrison Lee, and the Tonantzin Land Institute. 


Intervenors: Energy Fuels Nuclear. 
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Bepe: Exh. No. 18 
Date _ > 
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A. Compliance with the American Indian 
Religious Freedom Act. 
B. Religious Rights Guaranteed under 
the First Amendment. 
C. Violation of the Grand Canyon 
Enlargement Act. 
D. Fiducary Duty owed to the Havasupai Tribe. 
E. Impacts to the Grand Canyon. 
F. Compliance With 40 CFR 1502.22. 
G. Analysis of Cumulative Impact is Deficient 
and a Regional Programmatic EIS is Required. 
Cumulative Analysis of Impacts on Native 
American Belief and Practices. 
Valuable Mineral Test. 
No Action Alternative. 
Reclamation Plan and Bonding. 
Ground and Surface Water. 
Seleniun. 
Wildlife. 
Ore Truck Accident Analysis. 
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1. INTRODUCTION 


This is my decision under 36 CFR 211.18 on the various administrative appeals 
collectively being treated as case number 03072078. These appeals involve the 
Southwestern Regional Forester's August 28, 1987, decision affirming the 
decision of the Forest Supervisor of Kaibab National Forest to approve a plan 
of operations for the proposed Canyon Mine. 


The appeals, which have previously been consolidated to facilitate 
consideration, have been filed by: the Arizona Wildlife Federation (AWF); 
Friends of the River (FOR); the Havasupai Indian Tribe; Phyllis Hogan and 
James Mahoney; the Hopi Indian Tribe; Ian Root; the Sierra Club and 

Reverend Garrison Lee; and the Tonantzin Land Institute. Energy Fuels Nuclear, 
Inc. (EFN) is the proponent of the mine and has acted as intervenor in the 
consolidated appeal. 


This decision concludes an administrative appeal process which began shortly 
after the Forest Supervisor signed a Record of Decision on September 26, 1986. 
The Record of Decision documented his approval of a modified plan of operations 
for the Canyon Uranium Mine on the Tusayan Ranger District in Coconino County, 
Arizona. Various prior analyses of issues during the appeal process have been 
taken into account in reaching this decision. For this reason a brief outline 
of the events leading to this decision is given below. Thousands of pages of 
analysis and arguments have been generated by Apellants, Intervenors, and the 
Forest Service in this matter. As a familiarity with this record is essential 
to this decision, a listing of documents in the record is provided as Appendix 
B. 


The site of the proposed mine is on three unpatented mining claims owned by EFN 
approximately six miles south of the community of Tusayan where exploratory 
drilling confirmed the presence of an economic deposit of uranium. In 
accordance with 36 CFR 228.4, EFN submitted to the Forest Service a proposed 
plan of operations to develop and produce this deposit in October of 1984. 


EFN has submitted detailed documentation showing the extent, degree and 
frequency of activities over the last 10 years. The activities have included 
the drilling of 38 exploration holes using truck-mounted drill rigs, backhoes, 
bulldozers, road graders, and auxiliary water, pipe, fuel, probe, and pickup 
trucks. Site disturbance associated with the drilling program included surface 
grading, top soil removal, and road upgrading. (See affidavits of Wayne A. 
Seick and Muril D. Vincelette.) The company has also "[G]raded and leveled the 
mine yard, improved existing roads, constructed surface water diversion 
structures, installed a (one and a quarter) acre hypalon-lined evaporation 
pond, constructed several substantial mine buildings (including administrative 
offices, showers, lockerrooms, a machine and equipment shop, a well house, a 
hoist building, etc.), and installed a power line and a septic systen. 
Additionally, EFN has conducted mine shaft preparation work, including the 
erection of a head frame and a hoist, and the excavation and installation of a 
shaft collar (to a depth of approximately 75 feet). Finally, EFN has drilled 
and cased a monitor/water well to a depth of about 3,000 feet." (See 
Intervenors Reply to Appellants' Statements of Reasons. ) 


The proposal calls for an underground mine requiring about 17 acres for the 
mine shaft and surface facilities; ore would be trucked to Blanding, Utah, for 
milling. Section 2.2.1 of the EIS outlines discrete operational components 
involved in development of the proposed mine. That section specifies that the 
operational components considered in the analysis leading to the Forest 
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Supervisor's Decision included: Haul routes, utility corridors, transportation 
of workers, sewage, method of ore transport, mine production rate, method of 
mining, potable water, and site configuration. These operational components 
are described in detail on pages 2.2 through 2.13 of the EIS. 


Following the preparation of a draft and then final Environmental Impact 
Statement (EIS) analyzing the consequences of the proposal, the Forest 
Supervisor reached his September 1986 decision to approve a modified plan of 
operations. His decision was subject to various appeals and requests for stay. 
The stay requests resulted in the Regional Forester issuing a stay decision on 
November 21, 1986, which limited EFN's activities at the site pending review of 
the appeals on the merits. The stay allowed only those site preparation 
activities which would take place on areas which had already been disturbed. 
This included drilling of a groundwater monitoring well, grading of the mine 
yard, and construction of surface water diversion structures and evaporation 
ponds. EFN was not authorized to construct the mineshaft leading to the ore 
body while the appeals were pending. Thus, construction and operation of the 
mine itself were stayed. 


Procedural appeals and stay requests were filed in response to the Regional 
Forester's stay decision. The procedural appeals and stay requests sought the 
same relief: a stay of all activities at the mine site until the Regional 
Forester could complete his pending review of appeals on the merits of the 
Forest Supervisor's decision. These subsequent appeals and stay requests were 
reviewed and decided upon by this office. 


In reaching a decision on these procedural filings, the analysis was confined 
to the issues raised in response to the partial stay decision. It did not deal 
with other issues raised in appeals on the merits which were still before the 
Regional Forester. The issues considered by this office in reaching a stay 
decision included: 


1) First Amendment Considerations and American Indian Religious Freedom 
Act; 

2) Environmental Impacts on Ground and Surface Water; 

3) Direct Adverse Effects on Affected Parties and Possible Liability to 
the Forest Service; 

4) National Pollutant Discharge Elimination System Permit; 

5) Interpretation of the Law; 

6) Conformity of Rules and Regulations with 5 U.S.C. 552 and 553; 

7) j§Effectiveness and Constitutionality of the Mine Approval Process; 

8) The Partial Stay Decision as a Decision on the Merits of the Appeal; 

9) The Effect of a Stay on the Parties and on the Public Interest, 
Including the Possibility of Irreparable Harm to Parties to the Appeal; 

10) The Potential for Irreversible Impact on the Resource During the 
Pendency of the Appeal; 

11) The Effect of a Stay or Denial of a Stay on Preservation of a 
Meaningful Appeal on the Merits. 


Based on an analysis of the issues above, including material presented in oral 
presentations before me, I decided on May 4, 1987, to affirm the Regional 
Forester's November 21, 1986, stay decision. My decision included one 
modification which was aimed at assuring the Havasupai Indians access to the 
site while the Regional Forester considered the merits on appeal. This 
retained the Regional Forester's basic decision to stay development and 
production of the mine itself, but allowed continued site preparation on areas 
that had already been disturbed. This decision remained in effect during the 
period when the appeals on the merits were still before the Regional Forester. 
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On August 28, 1987, the Regional Forester rendered a 25 page decision on the 
perits under appeal before him. Each of the parties involved in the present 
appeals was also represented in the appeals before the Regional Forester when 
he made his decision. The issues before me now were before the Regional 
Forester when he made his decision. 


The stay which had been in effect when the Regional Forester made his decision 
om the merits was scheduled to expire 10 days after his decision. The 
Havasupai and Hopi Tribes requested that an interim stay be granted in order to 
provide them with an opportunity to make a formal stay request in response to 
the decision itself. This relief was granted. EFN went on the record at this 
point as considering a continuance of the stay during the interim period as a 
voluntary action on their part because the pertinent regulations at 36 CFR 
211.18 do not provide for such an action. 


The interim stay remained in effect until October 22, 1987, when I made a 
decision responding to the Havasupai's formal stay request which had been filed 
on September 25, 1987. In the October stay decision, it was specified that the 
existing partial stay of activities will remain in effect for 10 days after the 
present decision on the merits of the appeal is made. This decision was made 
to ensure that the Tribe's appeal on the merits would continue to be meaningful 
and to preserve the opportunity for the Secretary of Agriculture to review the 
decision if he chooses to do so. 


At the time the October stay decision was rendered, various other parties had 
pending stay requests but, as these parties requested relief similar to that 
which the Havasupai were granted, it was not necessary to respond individually 
to these requests. Also in the October decision, parties to the appeal were 
told that a decision on several requests for oral presentation would be dealt 
with when the Regional Forester submitted the record-to-date to this office. 


On December 4, 1987, the decision was made not to grant the pending requests 
for oral presentations which had been made by four apellants. The decision to 
deny the requests was based on the fact that the parties seeking the 
presentations had already had sufficient opportunity to provide their 
viewpoints or to clarify the record. 


On January 26, 1988, the administrative record on which this present decision 
is based was closed. 


2. SCOPE 


My review of the pending appeal was based on an examination of the entire 
administrative record as detailed in the Appendices. In the interest of 
brevity and clarity I have not attempted to exhaustively display in detail all 
the facts, arguments and prior decisions reached on each issue. Instead, I 
have characterized the main aspects of each issue as they relate to my 
decision. 


The issues before me have been considered previously in arguments by appellants 
and intervenors. Several prior responsive statements and decisions by the 
Forest Service, including my stay decision, have considered these matters. 
Generally, where a prior agency response appears to have adequately 
characterized and responded to an issue, I have simply entered a summary of 
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that treatment here. Greater detail is provided where some aspect of the 
subject before me calls for a different response than has been provided before. 


The earlier agency responses bearing on these issues include the Forest 
Supervisor's final EIS and Record of Decision of September 26, 1986, the Forest 
Supervisor's Responsive Statement of February 17, 1987, the Regional Forester's 
Decision of August 28, 1987, and the Regional Forester's Responsive Statement 
of October 28, 1987. Additionally, many of the issues at hand have already 
been reviewed in the Regional Forester's Stay Decision of November 21, 1986, 
his Responsive Statement to procedural appeals and stay requests of January 30, 
1987, the Chief's procedural appeal decision of May 4, 1987, and the Chief's 
stay decision of October 22, 1987. 


3. ISSUES 


The issue categories used in the Regional Forester's responsive statement of 
October 28, 1987, have been retained. As some issues have evolved or have been 
deleted since the merits were considered by him, the alphabetical designations 
given to the issues have changed. 


A. Compliance with the American Indian Religious Freedom Act (AIRFA). 


(Issue raised by the Havasupai Tribe and Hogan and Mahoney.) 


The Havasupai have relied on AIRFA indicating that it "[A]dds further support 

to the Havasupai's right to be free from unconstitutional interference." They 
go on to quote and characterize the Act claiming it underscores the protection 
they argue is provided by the First Amendment of the Constitution. 


Appellants Hogan and Mahoney have alleged that agency actions to date are "[A]n 
obvious violation of AIRFA." They further indicate that future sinking of the 
mine shaft "[I]s a desecretion to the temple where the spiritual intercessors 
dwell. Another violation of the AIRFA." 


The Regional Forester in his decision of August 28, 1987, stated: 


I have reviewed the complete administrative record and 
find that the Forest Supervisor sought Tribal input and 
review of the operating plan and environmental documents, 
from the appellants and from the Navajo Tribe, early in 
the scoping process and Forest Service environmental 
review. Religious concerns were not raised by appellants 
until after the completion of the (Draft) EIS. All of the 
Tribal comments were responded to and the EIS was sub- 
stantially revised to reflect the information provided by 
the Havasupai and the Hopi. ‘ ‘ 


The record reflects that the Forest Supervisor and his 
staff considered and evaluated Native American (Indian) 
religious beliefs and practices as part of their overall 
NEPA (environmental) review of the Canyon Mine project. 
In addition, the record indicates that the environmental 
documentation contained, or considered, available 
information on religious beliefs and practices when 
written. A decision was made on the basis of the informa- 
tion disclosed after adequate opportunity and time was 
made available. The record clearly displays the Forest's 
full commitment to and understanding of AIRFA and 
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compliance with the law." 


The Supreme Court has recently interpreted the AIRFA in Lyng v. Northwest 
Indian Cemetery Protective Association (NICPA), No. 86-1013, April 19, 1988. 

In that decision the Court rejected NICPA's contention that AIRFA places a 
statutory limitation on federal agency activities which could burden their 
religious practices, unless the agency demonstrates a compelling need to 
conduct the activity. The Court went on to state that AIRFA does not "create a 
cause of action or any judicially enforceable individual rights." Slip op. at 


15. 


I find that the Forest Supervisor's decision complies with the requirements of 
AIRFA as interpreted by the Supreme Court. The Forest Supervisor sought the 
early involvement of the Indian tribes, prepared a draft EIS which considered 
Indian beliefs, responded to their comments on the draft EIS, identified the 
Indian's concerns as one of the major issues to be analyzed in detail in the 
final EIS, and after careful consideration of the competing interests of all 
interested and affected parties, selected the alternative which fulfilled the 
agency's statutory responsibilities and minimized any impacts on the Indian's 
opportunity to exercise their traditional religious practices. The Regional 
Forester's decision is affirmed in this regard. 


B. Religious Rights Guaranteed Under the First Amendment. 
(Issue raised by the Havasupai Tribe, Hogan and Mahoney, the Hopi Tribe, and 


Ian Root.) 


The Havasupai and Hopi Tribes, Hogan and Mahoney, and Ian Root all allege that 
mining activities at the Canyon Mine site would, to varying extents, thwart the 
free exercise of religious practices in violation of the First Amendment of the 
Constitution. 


This issue was originally considered in my May 4, 1987, decision on the 
procedural appeals. The decision of May 4 dealt with whether a stay should 
remain in effect as defined by the Regional Forester or if it should be 
modified or terminated. This present decision also considers whether the 
activities which have been stayed thus far (sinking of the mine shaft, mine 
development, and production), as well as the the site preparation work which 
has taken place over the last year and a half, should be halted. 


Appellants claim that approval of the operating permit for the Canyon Mine 
would violate their rights under the Free Exercise Clause of the First 
Amendment. The Supreme Court's recent decision in Lyng v. Northwest Indian 
Cemetery Protection Association, supra, holds that the Court's prior decisions 
interpreting the Free Exercise Clause of the First Amendment cannot be read to 
“imply that incidental effects of government programs, which may make it more 
difficult to practice certain religions but which have no tendency to coerce 
individuals into acting contrary to their religious beliefs, require government 
to bring forward a compelling justification for its otherwise lawful actions." 
Slip op. at 10. The Court found this to be the case even if the government's 
action could virtually destroy an individual's ability to practice their 
religion. Id. at 11. However, the court noted that "[n]Jothing in our opinion 
should be read to encourage government insensitivity to the religious needs of 
any citizen." Id. at 13. 


The Regional Forester's decision (page 9) indicates that: 


[t]he record supports the Forest Supervisor's conclusion that no 
Tribal beliefs are penalized by this action. Individual members of 
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the Tribe can continue to express and act on their beliefs without 
undue governmental interference. The record does not support the 
contention that identified religious practices will be prohibited. 


The Forest Supervisor, Regional Forester, and I have provided appellants a 
variety of forums to consult, comment, discuss and ultimately appeal this 
matter. As noted in the Regional Forester's appeal decision, it was not until 
publication of the draft EIS that the Tribes began to express concerns over the 
development of the mine. As stated in the Forest Supervisor's Record of 
Decision (ROD), "[b]Jased on those comments, and continuing consultation with 
the affected Tribes, Indian religious concerns was added to the list of issues 
evaluated in detail by the [final] EIS. The text of the [final] EIS includes 
an expanded discussion of Indian religious sites and practices, and beliefs 
about the area." ROD p. 4. 


The ROD also notes that the further consultation identified in the EIS has 
taken place, and "will continue during the review, construction, and operation 
in an effort to better identify the religious practices and beliefs that the 
Havasupai and Hopi believe may be affected, to avoid or mitigate impacts and 
otherwise avoid placing unnecessary burdens on the exercise of Indian religious 
practices or beliefs." ROD p. 8. 


We recognize the difficult position of the Havasupai, who have declined to 
provide additional information regarding their religion or religious practices 
in the area on the basis that to discuss it further would be sacrilege. The 
Forest Service recognizes and respects this belief. The Regional Forester and 
Forest Supervisor have both identified their commitment to whenever possible 
accommodating the appellants' religious beliefs and practices. The Forest 
Service remains open to any information which the appellants can provide which 
will assist in avoiding or limiting any unnecessary effects on Indian religious 
practices or beliefs. 


Intervenor EFN has also demonstrated a willingness to avoid or limit any 
unnecessary effects. At the February 25,1987 Oral Presentation, Mr. Garver 
stated: 


{I]t is our preferred option that we could work with the Havasupai 
tribe, that the Havasupai would be willing to discuss the Canyon mine 
and reach an accommodation to assure that we could have multiple, but 
consistent uses of that area. It may be that you will feel that this 
is not possible. But it is our invitation. We believe that is what 
the law concerning the management of the Forest Service requires, and 
we hope that there is some way you will determine mitigation or 
avoidance strategies are appropriate. We think that we have done 
everything we can to ensure your views are taken into account and that 
we will continue to do that. (Appellants' Transcript of Oral 
Presentation, Doc. No. 176, p. 89-90.) , 


As identified in the discussion of AIRFA above, the Forest Supervisor sought 
the early involvement of the Indian tribes, prepared a draft EIS which 
considered Indian beliefs, responded to their comments on the draft EIS, 
identified their concerns as one of the major issues to be analyzed in detail 
in the final EIS, and after careful consideration of the competing interests of 
all interested and affected parties, selected the alternative which fulfilled 
the agency's statutory responsibilities and to the extent possible minimized 
any impacts on the Indians' opportunity to exercise their traditional religious 
practices. The record demonstrates that the Forest Service has been, and will 
continue to be, sensitive to the religious beliefs of Native Americans. 
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I find that the implementation of the selected alternative does not violate 
appellant's First Amendment rights. The Regional Forester's decision is 
affirmed in this regard. 


C. Violation of the Grand Canyon Enlargement Act. 


(Issue raised by the Havasupai Tribe.) 


Appellants maintain that development of the Canyon Mine violates the Grand 
Canyon Enlargement Act (GCEA) citing 16 USC 228(c). The cited provision is as 
follows: 


Nothing in sections 228a to 228j of this title shall be construed to 
prohibit access by any members of the [Havasupai] tribe to any sacred 
or religious places or burial grounds, native foods, paints, 
materials, and medicines located on public lands not otherwise covered 
in sections 228a to 228j of this title. 


As the Regional Forester points out in his appeal decision (page 10), this 
language does not guarantee access to sites the Havasupai consider sacred. 
Instead, it indicates that nothing in the GCEA will be interpreted to prohibit 
access to public lands not otherwise covered by the Act. Neither the Forest 
Supervisor, nor the Regional Forester have interpreted the GCEA to prohibit 
access to the lands involved in the proposed Canyon Mine. I find the Forest 
Supervisor and Regional Forester have correctly interpreted the GCEA and I 
affirm the Regional Forester's decision in this regard. 


D. Fiduciary Duty Owed to the Havasupai Tribe. 


(Issue raised by the Havasupai. ) 


The Havasupai contend that in approval of operations at the Canyon Mine site 
the Forest Service has misunderstood its trust responsibility to the Tribe. 
They have argued at length on the applicability of fiduciary duty to this case. 


The Regional Forester's appeal decision (page 10) states: 


Federal agencies may have statutorily established fiduciary duties 
associated with the management of Indian lands and resources. No such 
duties are at issue here since the lands embraced within EFN's mining 
claims are National Forest System lands, not Indian lands. There is 
nothing in the record to support appellant's contention that the 
development and operation of the Canyon Mine on National Forest System 
land will have a deleterious effect on the Reservation.... 


The scope of a fiduciary duty or trust responsibility in any particular 
situation between a federal agency and an Indian tribe or individual is defined 
by the statute, treaty, or executive order which specifies the particular duty 
or relationship at issue. The Forest Service recognizes its special 
responsibility to consult with, and give consideration to, the views and 
interests of Indian Tribes through the American Indian Religious Freedom Act 
and other statutory responsibilities. 


The Forest Supervisor's February 17, 1987 Responsive Statement (page 69) 
states: 


{t]he Forest Service has met any fiduciary responsibilities it may 
have through the exhaustive analysis undertaken for the Canyon Mine 
and the imposition of extensive monitoring, mitigation and reclamation 
measures largely developed to offset or avoid impacts to...Tribal 
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lands. As a result of the analysis, the Forest Service concluded that 
there are no significant environmental impacts of the proposed Canyon 
Mine which can not be substantially mitigated or avoided entirely. 
Impacts are expected to be small and localized near the mine site. 

The mitigation measures adopted further reduce the potential impact to 
acceptable levels. 


I concur with these statements. To the extent that AIRFA or other statutes 
create a duty or obligation, I find that the Forest Supervisor has complied 
with those statutory requirements. The Regional Forester's decision is 
affirmed in this regard. 


\ 


E. Impacts to the Grand Canyon. 


(Issue raised by Friends of the River and Ian Root) 


The appellants on this issue maintain the decisions to date have ignored the 
potential for impacts on the Grand Canyon National Park, including cumulative 
impacts from future mining activities. They cite "dust, access, vandalism, 
traffic and wildlife" concerns mentioned by the Park Service as part of the 
basis for this appeal point. 


Pages 34 through 37 of the Forest Supervisor's Responsive Statement of February 
17, 1987, provide a detailed response to this issue. In that response he cites 
points in the Final EIS which dealt with the issue. These citations were 
numerous as the potential for impacting the Park had been identified as a major 
issue during the scoping process. (See the final EIS at pages 1.8, 1.9, 1.15, 
2.16, 2.50, 3.2, 3.6, 3.27, 3.28, 4.18-4.26, 4.37 and 4.38 as well as repeated 
entries in Appendix G of the EIS: Public Comment and Forest Service 

Response.) The Forest Supervisor and Regional Forester found that the impacts 
of the proposed Canyon Mine would be small and localized and should pose no 
threat to the Grand Canyon. 


I find that the Forest Supervisor and Regional Forester's treatment of this 
issue was adequate and note that several of the subparts of this issue are also 
addressed under other headings in this decision. 


F. Compliance with 40 CFR 1502.22. 
(Issue raised by the Sierra Club.) 


The Sierra Club maintains: "The (final) EIS does not comply with the C.E.Q.'s 
new regulation dealing with missing or unavailable information. See 40 C.F.R. 
(section) 1502.22...." 


The Forest Supervisor's Responsive Statement of February 17, 1987, indicates 
that the statement on page 102 Appendix G of the final EIS on which the Sierra 
Club relies is taken out of context. He says that in proper context it does 
not support the Sierra Club's contention. Intervenor EFN has provided a 
succinct summary of its interpretation on page 67 of its November 12, 1987, 
Reply to Appellants' Statements of Reasons. I include this entry in full: 


Appellants' claim that the Forest Service is missing 
information about the magnitude of uranium mining in the 
Grand Canyon area. (Sierra Club at 5-6). This issue has 
already been addressed by the Forest Supervisor (FS's 
Responsive Statement at 50-51) and the Regional Forester. 
(RF's Decision at 12.) The CEQ regulations require an 
agency to take certain steps to obtain missing informa- 
tion when that information is "relevant to adverse 
impacts" and "essential to a reasoned choice among alter- 
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natives." 40 C.F.R. (section) 1502.22 (1986). In 
responding to a comment on the (draft) EIS by the 
National Park Service, the Forest Service explained that 
it chose to prepare an EIS for the Canyon Mine Proposal 
in part because of the “unknown magnitude of the impacts 
of uranium mining in the area south of the Grand Canyon." 
(FEIS, Appendix G at 102.) Sierra Club has taken the 
Forest Service's "admission" of unknown information 
entirely out of context and mischaracterized it as the 
type of unknown information "essential to a reasoned EN (402 
choice among alternatives" contemplated by the CEQ 
regulation, when in fact it was merely an explanation of 
why the Forest Service decided to prepare an EIS. 


I find that EFN has correctly characterized the situation and affirm the 
Regional Forester's decision in this regard. 


G. Analysis of Cumulative Impact is Deficient and a Regional Programmatic EIS 
is Required. 


(Issue raised by the Arizona Wildlife Federation, Friends of the River, and 
the Sierra Club.) ~ 


Appellants argue that the potential for cumulative effects stemming from the 
Canyon Mine has not been adequately considered and that a regional programmatic 
EIS should be prepared. Appellants cite as the basis for this need the 
presence of numerous mining claims south of the Grand Canyon, the probability 
of future mining proposals, and past development activity of any kind. (The 
Sierra Club also refers to "two mines proposed on state lands" but the appeal 
record suggests that there are no longer any pending proposals for such mines. 
This reference probably refers to leasing proposals that EFN had before the 
State of Arizona at one time.) 


The EIS did address cumulative effects in great detail. (See the final EIS at 
pages 1.9, 1.10, 4.1, 4.2, 4.6, 4.12, 4.18, 4.26, 4.41, 4.44, and page 103 of 
Appendix G.) The Forest Supervisor in his Responsive Statement of February 17, 
1987, summarizes at length the treatment of this issue in the EIS. That 
extended discussion will not be reiterated here but it should be noted that it 
documents consideration that is both detailed and comprehensive. 


In addition it is important to recognize that there is no comprehensive federal 
plan or proposal of a regional nature involved in this situation. It is clear 
that the detailed analysis that NEPA requires in an EIS is tempered by the 
nature and scope of the proposed action. The scope of the proposal in this 
case has been defined by the nature of the proposal submitted by EFN (i.e., an 
application for approval of a plan of operations for the proposed Canyon Mine). 


The conclusion that cumulative or synergistic impacts are not expected was 
based on detailed consideration of the nature, extent, distribution, and timing 
of impacts described in the EIS. Appellants have suggested that future mine 
sites can be determined by examining mining claim locations. However, the 
record shows that there are thousands of these claims scattered over much of 
Northern Arizona. The Forest Service has no control over the quantity or 
timing of applications it may receive from these private operators. Appellants 
have offered little to suggest how it might be determined which, if any, of 
these claims is likely to receive future exploration, let alone development 
proposals. In dealing with an analogous situation on BLM lands, the Interior 
Board of Land Appeals found "[i]n the absence of any indication as to the situs 
of future mines, it would be totally speculative and conjectural to attempt to 
estimate how roads to such mines might impact upon the environment. Any such 
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analysis would be so speculative that it would serve no useful purpose, even if 
it could be attempted." (See Southwest Resource Council, 96 IBLA 105, 115 


(1987) .) 


Nonetheless, the Forest Supervisor provided two hypothetical scenarios in the 
Canyon Mine EIS characterizing the potential effects of future mining 
proposals. One scenario was based on an additional mine near the Canyon Mine 
and the other was based on three additional mines all located south of the 
Grand Canyon. These provided a further context, given that there are no 
proposed mines to assess, which helped the Forest Supervisor reach a conclusion 
that there would not likely be cumulative effects even if additional sites were 
known. In doing this the Forest Supervisor has endeavored to take the analysis 
of potential cumulative effects as far as it can be reasonably taken. 


Finally, appellants argue that the present proposal should be analyzed in light 
of past development. This has already been done in two key ways. First, the 
entire analysis was conducted in light of the existing environment which 
inherently includes past development in the area. Second, essentially 
identical mines also operated by EFN north of the Grand Canyon were used by 
analogy for helping to determine what the reasonably foreseeable effects of the 
Canyon Mine would be. 


Given all of the above, including the detailed incorporation of cumulative 
effects considerations throughout the Canyon Mine analysis as documented in the 
EIS, I find the EIS contains adequate consideration of cumulative effects, and 
affirm the Regional Forester's decision in this regard. 


H. Cumulative Analysis of Impacts on Native American Belief and Practices. 
(Issue raised by the Hopi Tribe.) 


The Hopi contend "[t]he (final) EIS fails to give adequate consideration to the 
cumulative effects of the proposed Canyon Mine together with past, present, or 
reasonably foreseeable development in the Kaibab and Coconino National Forests, 
on the environment (see discussion above) and on the Hopi Tribe's ability 
freely to exercise its religious beliefs." (See page 2 of the Hopi Notice of 
Appeal of September 28, 1987.) They further describe their concern as it 
relates to impacts on prayer and ceremonial gathering activities, and impacts 
on sacred sites. 


I have already addressed the issue of cumulative effects on the environment in 
this decision. This portion of the decision will consider the contention that 
the EIS fails to consider cumulative effects on the Hopi Tribe's ability to 
exercise its religious beliefs. 


It is well established that NEPA is essentially a procedural statute which 
requires federal decision makers to have considered the environmental 
consequences of a proposed action prior to making a decision on the proposal. 
NEPA also requires that the decisionmaker inform the public that environmental 
consequences were taken into account. As such, NEPA is often referred to as a 
"public disclosure" law. 


What the Hopi seem to argue is that NEPA requires consideration of the 
proposals' consequences on the Tribe's religious practices, as well as the 
consideration of the proposal's consequences on the environment. The CEQ 
regulations (40 CFR 1501.7(a)(1)) provide that as a part of the scoping 
process, federal agencies will "[i]nvite the participation of affected Federal, 
State, and local agencies, and any affected Indian tribe, the proponent of the 
action, and other interested persons (including those who might not be in 
accord with the action on environmental grounds)...." The CEQ regulations (40 
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CFR 1506.6(b), and (b)(3)(ii)) also require federal agencies to"[p]Jrovide 
public notice of hearings, public meetings, and the availability of 
environmental documents so as to inform those persons who may be interested or 
affected....[A]nd in the case of an action with primarily local effects the 
notice may include "[nJotice to "Indian tribes, when the effects may be on the 
reservation....” 


It is clear from the record that the Forest Supervisor went well beyond these 
notice requirements when preparing the EIS. (See the final EIS at pages iii, 
wii, xi, 1.8, 1.10, 1.13, 1.18, 2.9, 2.24, 2.25, 2.48, 2.51, 2.52, 3.58-59, 
4.42-4,44, and Appendix G of the EIS at page 2 and agency response numbers 
60-2, 60-5, 60-6, 61-1, and 61-2.) In fact "all information provided by the 
Tribes, their attorneys or consultants on archeological issues" was 
incorporated and considered in the EIS (Forest Supervisor's Responsive 
Statement of February 17, 1987; emphasis added.) 


The Hopi, however, insist that NEPA requires that this EIS coordinate the 
analysis of any cumulative effects on their religious practices of all 
foreseeable activities on two National Forests. Neither NEPA nor the 
implementing CEQ regulations require that this be done. 


The CEQ regulations define “cumulative impacts" as “the impact on the 
environment which results from the incremental impact of the action when added 
to other past, present, and reasonably foreseeable future actions ...." 40 CFR 
1508.7 (emphasis added). The Supreme Court has stressed that NEPA was not 
intended to be a vehicle for airing general policy objections to the actions of 
federal agencies, but was to address the protection of human health and welfare 
through evaluation of the physical environment with primary concern for 
potential irreparable impacts to the physical resources that support life, i.e. 


air, land, and water. Metropolitan Edison Co. v. People Against Nuclear 
Energy, 460 U.S. 766, 772-777 (1983). 


The effects that the Hopi seek reviewed are the cumulative effects of all 
Forest Service activities on their religion, rather than on the physical 
environment. The Hopi's request would turn the EIS on the proposed Canyon Mine 
into a multi-Forest review of the effects of all proposed actions to be taken 
on these National Forests on the Hopi's religious beliefs and practices. This 
is not within the scope of the proposed action and the necessary review of the 
environmental consequences of the proposed action under NEPA. 


Nevertheless, the Forest Supervisor in preparing the EIS undertook a 
substantial effort to identify, consider, avoid, and mitigate any unnecessary 
impacts to the Indians' religious: beliefs and practices. The Forest Supervisor 
prepared the EIS in order to comply with NEPA as well as all other relevant 
laws affecting the situation. These laws included AIRFA and the National 
Historic Preservation Act. 


The Forest Supervisor in his Responsive Statement of February 17, 1987, 
indicated with respect to cumulative effects on religious beliefs and practices 
that: 


*They are addressed in the EIS at page 4.44; 

“The EIS recognizes the sensitivity to mining; 

*The Forest Service is not required to protect religious beliefs and 
practices to the exclusion of all other land uses; 

*The Hopi were repeatedly asked to provide religious information 

during the project analysis; 

“The EIS deals with cumulative impacts to the extent religious information 
was made available by the Tribe. 
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The Forest Supervisor's contention that he did consider the religious 
information is well supported in the record. For example, affidavits supplied 
by Tribal members and included in Appendix G of the final EIS speak to hunting 
and gathering for ceremonial purposes in “areas generally around Twin Lakes, 
Skinner Ridge, and Red Butte” and concerns about ore spills at the bridge where 
U.S. Highway 89 crosses the Little Colorado River. (This latter concern 
relates to religious issues because of sacred sites downstream including Blue 
Springs, the Sipapu and the Salt Trail.) The Forest Supervisor dealt with each 
of these considerations in the EIS in sections entitled "Indian Religious 
Concerns" and "Impacts on Indian Religious Concerns." The potential effects on 
hunting and gathering activities were also addressed. 

The possibility of impacts downstream from the Little Colorado River crossing 
have been looked at in detail and found to be extremely remote. The Forest 
Supervisor based his findings on EFN's haulage safety record, accident 
frequency information for the subject stretch of highway provided by the 
Arizona Department of Transportation, and an evaluation of what the impacts 
would be in the most unlikely event of ore spillage at the bridge site. (See 
the section of this Decision titled "Ore Truck Accident Analysis.") 


The Forest Supervisor used the information on religious beliefs and practices 
made available to him by the Hopi. No information has been provided that would 
support the contention that a cumulative impact may be incurred which has not 
already been evaluated. The issue of cumulative effects was raised only in the 
broadest manner during the NEPA process and subsequent appeal process. 


Considering all of the above, I find that this issue of cumulative effects on 
religion has recieved adequate consideration and I affirm this aspect of the 
Regional Forester's decision. 


I. Valuable Mineral Test. 
(Issue raised by Friends of the River and the Sierra Club.) 


Friends of the River and the Sierra Club both contend that inadequate 
consideration was given to the issue of whether EFN has discovered a valuable 
mineral deposit as that term is defined in 30 U.S.C. 22. The focus of the two 
groups' concerns is slightly different. Sierra Club contends that the Forest 
Service should have analyzed a no-action alternative of bringing a mineral 
contest in order to determine whether EFN has made a discovery of a valuable 
mineral deposit. Sierra Club argues that a mineral contest would serve the 
needed function of making a determination as to whether the development of 
Canyon Mine will be profitable enough to cover the costs of reclamation and 
mitigation. Friends of the River contends that the Regional Forester was 
required to and has wrongly refused to consider that the environmental and 
social costs of EFN's operations must be factored into a determination of the 
validity of EFN's clains. 


Mineral examinations are not generally conducted in conjunction with NEPA 
analyses. This is done so that the Forest Service can develop the suitable 
mitigation and reclamation independently of their effects of the economics of 
the mining proposal. This approach prevents tailoring of the mitigation and 
reclamation to ensure a profitable mine at the expense of sound resource 
management. Forest Service knowledge of the costs associated with reclamation 
is, however, used in calculation of bond amounts. Thus, while the Forest 
Service does have the authority to initiate mining claim contests (though not 
the authority to determine validity), it is the agency's own regulations at 
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36 CFR 228, Subpart A, not the mining laws or validity tests, that are used to 
provide for reclamation and mitigation. 


The Forest Supervisor in his Responsive Statement indicated that drilling data 
were provided in conjunction with the Plan of Operations (see exhibit #15, 
paragraph 8 of the Plan) coupled with EFN's success with comparable deposits 
north of the Grand Canyon, this data suggests that EFN is proceeding in good 
faith and that a reasonable mine can be developed. No information showing 
significant differences between the proposed mine and those north of the Canyon 
has been provided that would provide a basis for questioning the validity of 
EFN's claims. 


J. No Action Alternative. 
(Issue raised by the Havasupai and Hopi Tribes and the Sierra Club.) 


The appellants argue that the analysis of the no action alternative reflected 
in the EIS was inadequate. They further suggest that this resulted from an 
understanding that the agency did not have the authority to deny the Canyon 
Mine proposal. For example, the Havasupai contend that this "[t]Jo a great 
extent explains the lack of required in depth considerations of the Canyon Mine 
site to the Havasupai way of life. In other words, had the Forest Service at 
the time of preparing the EIS known it could disapprove of a plan of operation 
if such approval violated Constitutionally protected rights or other federal 
laws, those circumstances would have been more fully and adequately 
investigated, and a different result achieved." As identified above though, 
the appellant's assertion that approval of the proposed Canyon Mine violates 
either the Tribe's First Amendment rights or AIRFA is incorrect. 


The Havasupai further state: "[w]Jhile the Responsive Statement of the Forest 
Supervisor describes the discussion in the (EIS) of the No-Action Alternative 
as considered “in detail," it consisted of merely two paragraphs....The EIS 
provides that the Forest Service does not have authority to disapprove a 
reasonable operating plan as long as it is conducted in an environmentally 
responsible matter (sic). In other words, the Forest Service in the EIS took 
the position that approval of some sort of plan of operation was mandatory 
under existing and applicable mining laws if the plan of operation was 
environmentally sound." They then argue that if the agency had known it could 
deny the plan on religious or other legal grounds, the No Action Alternative 
"would have been more fully and adequately investigated, and a different result 
achieved." 


The other appellants arguments are much to the same effect with the Sierra 
Club's position embracing the concept of contesting EFN's mining claims through 
a valuable mineral test as described previously above. 


The argument that the no action alternative got lesser treatment is not 
sustained by a review of the EIS itself. The two paragraph entry the Havasupai 
cite is far from the complete treatment of the alternative. To begin with, 
that entry is merely a statement of what the alternative represents. As it 
represents a continuation of the existing situation, the entirety of the 
"Affected Environment" chapter of the EIS further describes the alternative. 
Throughout the other chapters of the EIS, the no action alternative is carried 
through the analysis in a manner comparable to each other individual 
alternative. 


The appellants incorrectly assume that the references in the description of the 
no action alternative to environmental considerations, as in "environmentally 
responsible manner," exclude consideration of First Amendment and other legal 
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issues. This is not the case. The Environmental Impact Statement contains a 
far broader discussion than just the "environment" in terms of the physical and 
biological elements involved. Thus, “Impacts on American Indian Religious 
Concerns" was an integral part of the decisionmakers' analysis as were a 
variety of other nonbio-physical factors. First Amendment and other statutory 
considerations were properly considered. 


K. Reclamation Plan and Bonding. 
(Issue raised by the Arizona Wildlife Federation and the Hopi Tribe.) 


The Arizona Wildlife Federation maintains "Based upon discussion before you 
(the Regional Forester) at the hearing (sic), the cost of similar projects 

running well over the $100,000 figure, more adequate mitigation bonding of 

$250,000 in 1986 dollars factored to 1996 or the end of the project must be 
required of the operator." 


The Hopi Tribe asserts that the final EIS is "silent" on post-mining 
considerations. They also indicate that there is "no provision for monitoring 
ground-water or surface-water contamination once the mine is closed." 


The Forest Supervisor in his Responsive Statement of February 17, 1987, states 

that the bond amount took into consideration the estimated cost of stabilizing, 
rehabilitating, and reclaiming the area of operations; and that the bond amount 
was adjusted for inflation, cost-estimate errors, and discounting over a 7-year 
planning horizon. 


Although the Arizona Wildlife Federation indicates they presented a basis for 
the figure of $250,000 as being appropriate, I can find no such basis in the 
record. Given all of the above, I find the bond amount determined by the 
Forest Supervisor to be reasonable. The Regional Forester's decision is 
affirmed in this regard. 


With respect to the Hopi concerns, which seem aimed specifically at the 
possibility of problems with radioactive materials, I cite the two following 
excerpts from the Record of Decision of September 26, 1986: 


1. The air, soil and water monitoring program responds 
to issues and concerns raised during scoping and evalu- 
ated in the Draft EIS, and to comments made on the Draft 
EIS. The groundwater monitoring well, while expensive, 
is an important element of the monitoring and mitigation 
strategy as it responds to the unique concerns raised by 
the proposed Canyon Mine. The groundwater monitoring 
will confirm or invalidate assumptions about groundwater 
hydrology used in the Canyon Mine analysis. It helps 
assure that important water sources, including springs 
which are sacred to the Hopi and Havasupai Tribes, will 
not be adversely affected by the Canyon Mine. The 
monitoring program also responds to the fear of radio- 
active contamination of air, water and soil expressed by 
some members of the public. It will help determine the 
need to further modify the Plan of Operations to provide 
additional mitigation measures, including the 
construction of other groundwater monitoring wells, 
should any unforeseen impacts occur. Finally, the 
results of the monitoring program will provide important 
data needed for the evaluation of future mining 
proposals in the area, if any should occur. 
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2. A water well to the Redwall-Muav aquifer will be 
constructed and tested prior to the intersection of ore 
by mining operations. If groundwater is present, it 
will be sampled at regular intervals and analyzed. If 
groundwater becomes contaminated during mining opera- 
tions, continuous pumping will be maintained until con- 
centrations of the critical constituents are reduced to 
recommended primary drinking water standards or to with- 
in ten percent of ambient concentrations, or to some 
comparable level approved by the Forest Service. If 
new information surfaces which suggests the need for an 
expanded groundwater monitoring progran, the Forest 
Service reserves the right to impose additional 
monitoring and mitigation measures it deems necessary, 
including the construction of other groundwater 
monitoring wells. 


I find the monitoring issues raised by the Hopi to be well covered in the 
record as summarized in the above entries from the Record of Decision. They 
allow for any post-mining monitoring to be tailored to additional needs 
identified during mine production. The Regional Forester's decision is 
affirmed in this regard. 


L. Ground and Surface Water. 
(Issue raised by the Arizona Wildlife Federation, Friends of the River, 
the Havasupai and Hopi Indian Tribes, and the Sierra Club.) 


Ground and surface water issues have been argued at great length during the 
appeals process relating to the Canyon Mine proposal. The record is replete 
with analyses and conclusions. Appellants, intervenors, and the Forest Service 
alike have contributed numerous documents on this issue. Some of the arguments 
have been recycled repeatedly while others have evolved in the various forums 
thus far (appeals, stay requests, comment periods, and oral presentations; not 
to mention the various agency decisions and responsive statements). 


This extensive information has been reviewed in detail. Upon careful 
consideration, I have decided to adopt the rationale and conclusions provided 
by the Forest Supervisor on pages 10-20 and 54-58 of his Responsive Statement 
of February 17, 1987. These portions of his Responsive Statement have been 
provided as Appendix A to this Decision. Rather than detail those rationale 
and conclusions fully here, I have provided below a listing of Key 
considerations made by the Forest Supervisor's Responsive Statement that deal 
with this issue. 


KEY CONSIDERATIONS ON GROUND AND SURFACE WATER 
MADE IN THE FOREST SUPERVISOR'S RESPONSIVE STATEMENT 


Groundwater 


* The Forest Service retained a consulting hydrogeologist with more than 
20 years experience in groundwater geology. 

* Groundwater data was obtained from records of existing water wells and 
exploration drill holes. 

* A monitoring program was initiated for springs discharging along the 
south wall of the Grand Canyon. 

* The analysis of groundwater in the EIS was discussed in sections 2.5, 
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2.51, 2.511, (Table) 2.12, 2.61, 3.2, 7.2, 4.2, and in Appendix G at 
pages 70, 71, 72, 79, 80, 86, 87, 103-105, and 125. 

* The consulting hydrogeologist responded to the points of appeal and this 
response was evaluated by the Forest Service. 


Surface water 


* The EIS contains extensive coverage of all aspects of the surface water 
issues. (See EIS at 2.16-2.22, 2.32, 2.33, 2.32-3.35, 4.31-4.36, 5.1, 
Appendix D (Downstream Hydrologic Impacts) and Appendix G at pages 
34-35, 54, 75-82, 113-114, 116-117, 123, and 126. 

* A consulting hydrologist hired for the project performed duties 
including design of a surface water protectidn system for the project. 

* Mitigation includes water diversion for a 500-year storm event and 
containment for a 100-year storm event. 

* Ore pad design will prevent solution pereolation into subsoil. 

* Mitigation at the mine site would prevent any significant downstream 
radionuclide contamination in the event of an extreme flood. 


M. Selenium. 
(Issue raised by the Sierra Club.) 


The Sierra Club contends that the final EIS fails to adequately consider the 
possibility of contamination of groundwater and soils by selenium and that the 
Forest Service has not conducted sufficient independent research and evaluation 
of this matter. Further, the Sierra Club called for a supplemental EIS to 
address this issue. 


The Regional Forester found that the Forest Supervisor had, 


sought consultation with an experienced and reputable geochemist to assess 
the problem potential. Based on the July 15, 1986, report prepared by Mr. 
Allan R. Reid, Senior Geochemist with the Huntly Group, Ltd., I conclude 
that background selenium concentrations at the surface will not be 
adversely affected due to the mining operation, nor, is groundwater likely 
to be affected by the seleniun. 


In reviewing the record, it is apparent that the Forest Service did consider 
the possibility of selenium contamination and determined that it was not a 
significant problem at the site of the proposed mine. A discussion of this 
finding is presented in the EIS Appendix G at pages 44 and 45. 


That the Forest Service did independently evaluate the report prepared by 

Mr. Reid is evidenced in the language of the discussion cited above. That 
discussion reads, in part: "[wle have evaluated the information submitted with 
your letter and reviewed a detailed study of selenium at the mine site 
commissioned by EFN. Generally, our review shows that selenium impacts are not 


anticipated....[w]e have concluded....Qur additional analysis is summarized 
below." (Emphasis added.) 


This independent evaluation, together with the overall preparation of the EIS, 
fulfills any responsibility the Forest Service has to conduct independent 
research in conjunction with the review and approval of a plan of operations 
for the proposed Canyon Mine. 


The Forest Supervisor and Regional Forester have demonstrated their willingness 
to consider any new information that has already, or may in the future, be 
presented on this subject. Additionally, the mitigation and monitoring program 
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established in the Forest Supervisor's decision assures that the agency will 
continue to gather and evaluate new information as it becomes available during 
the review, construction, operation, and reclamation of the proposed Canyon 
Mine. 


Here the Forest Supervisor and Regional Forester considered the information 
presented by the Sierra Club and EFN. Following this consideration they 
determined that no significant selenium impacts were anticipated and that the 
new information did not rise to the level of environmental significance that 
would warrant preparation of a supplement to the EIS. These considerations and 
conclusions are well documented. 


For these reasons, I find that the actions of the Regional Forester and the 
Forest Supervisor were reasonable and correct. Therefore, the Regional 
Forester's appeal decision is affirmed and no Supplemental EIS is required. 


N. Wildlife. 
(Issue raised by the Arizona Wildlife Federation, and the Sierra Club.) 


The Arizona Wildlife Federation (AWF) resubmitted their initial appeal of May 
22, 1987, because they felt the operating plan failed "to adequately preserve, 
protect or promote the interests of wildlife and the environment." They also 
specified "Although the Decision sets forth that the Forest Supervisor will be 
directed to attempt to do certain things such directions are not part of the 
Operating Plan and therefore, are not enforceable." 


The Regional Forester saw merit in much of what the AWF was seeking. On 
October 26, 1987, he directed the Forest Supervisor to review AWF's May letter 
as well as his August 28, 1987, decision. He directed that the Forest 
Supervisor should "Consider any reasonable means" to implement the direction in 
his decision either within the context of the existing operating plan or 
through amending the plan. 


The Regional Forester emphasized through his October letter that the Forest 
Supervisor should consider: implementing mitigation as soon as possible; 
enhancing existing meadow environments; alternative mitigation or compensation 
using measures such as road closures or obliteration of roads, use of plant 
seedings and water tanks. The direction put particular emphasis on expediting 
wildlife habitat improvement or replacement. 


I think the position taken by the Regional Forester on these matters should 
satisfy the principal concerns of AWF. The Federation is also concerned that 
the measures be enforceable and in some manner incorporated in the operating 
plan. I find this entirely appropriate and direct the Regional Forester to see 
that the implementation of his October 26, cai direction be reflected in the 
operating plan itself. 


0. Ore Truck Accident Analysis. 
(Issue raised by the Hopi Tribe.) 


The Hopi maintain that the analysis of the potential for ore spills into the 
Little Colorado River is inadequate. 


The Forest Supervisor's Responsive Statement of February 17, 1987, reflects a 
detailed consideration of this possibility. He cites the final EIS at page 
4.27, Appendix E pages 27 and 28, and Appendix G page 70. He further cites 
mitigation requirements for spills in Section 2.55 of the final EIS. 
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The Responsive Statement includes consideration of: 


*Spill frequency in 6,600,000 miles of ore haulage by EFN; 

*Radiological consultant Dr. John McKlveen's conclusions that people 
living along the haul route would not experience any measurable radiation 
increases and radiological consequences of spills would be negligible; 

“There is no evidence to indicate spills are more likely at any one site; 

“The Arizona Department of Transportation indicates no accidents have 
been reported at the Little Colorado River crossing in the last 3.5 years; 

“The extremely remote possibility of contamination of downstream springs; 

“That the River is frequently dry at this point; 

*The effects of dilution should a spill occur during a period of sind 
surface water flow. 


In the absence of any additional information refuting this analysis, I find 
that the Forest Supervisor and Regional Forester's finding that the risk 
related to ore haulage and spills to be quite remote is appropriate and the 
Regional Forester's decision is affirmed in this regard. 


In their appeal before me, the Hopi have also raised the issue of the 
possibility of a tarpaulin being omitted or blowing off in transit resulting in 
ore dust being dispersed by an ore truck. In all the appeals and stay requests 
before me, representing a year and a half of dispute, I do not see where this 
issue has surfaced previously. 


Although this matter has not been addressed specifically before, there is 
relevant information in the record. This information was summarized by EFN in 
their "Intervenor's Reply to Appellants’ Statements of Reasons" of November 12, 
1987. On page 66 of that document they state, in part: 


With regard to ore dust disposal during transport, 
Appendix E of the (draft) EIS discusses this issue in the 
context of ore transport radiation and radioactivity. The 
discussion was based on a radiological assessment of the 
Canyon Mine project prepared by Dr. John McKlveen, 
consulting radiological engineer. It states that ore from 
the mine is "moist, uncrushed rocks" that contain "only a 
small percentage of respirable dust which might be 
released during an accident." ((draft) EIS, Appendix E at 
28.) The (draft) EIS goes on to analyze the consequences 
of a release of ore dust in the event of an accident, 
concluding that the potential impact should not be 
considered significant. (Id.) In light of this analysis 
of ore dust releases from an accident involving complete 
spillage of ore, Appellants have failed to show how a 
discussion of ore dust releases caused by a blown-off 
tarpaulin would add any meaningful information to the 
(final) EIS. 


Given all the above information, I find that the remote prospect of a missing 
tarpaulin and resulting radiological exposure has been adequately considered. 
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4, DECISION 


Based on the preceding analysis, I have decided to affirm the Regional 
Forester's decision of August 28, 1987, with one modification. That change 
involves directing the Regional Forester to incorporate the wildlife habitat 
mitigation and compensation measures under development into EFN's plan of 
operations as soon as possible. It is not anticipated that a delay of 
operations beyond the termination date of the stay which is currently in effect 
will be needed to accomplish this task. 


The stay which is currently in effect shall remain if effect for 10 days 
following the date of this decision. 


This determination constitutes the final administrative determination of the 
Department of Agriculture unless the Secretary of Agriculture elects to review 
the decision within 10 days of receipt (36 CFR 211.18(f)). The Secretary of 
Agriculture will not accept a notice of appeal or a petition for review of this 
decision (36 CFR 211.18(f)(2)). 
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GROUNDWATER 


Points raised by the Appellants related to groundwater generally allege 
that the EIS failed to adequately address the effects of the proposed 
mine on groundwater quality and quantity and question the effectiveness 
of the monitoring program. 


lis Appellants’ Position 


a. 


The Havasupai Tribe, Tonantzin Land Institute and Friends of 
the River allege that there are more unkowns related to 
hydrogeology and groundwater than the known, solid data, and 
the assumptions, research and conclusions of the groundwater 
analysis may be defective, erroneous and insufficient. The 
groundwater analysis generally lacks the scientific integrity 
necessary to make decisions regarding grouncwater. 


The Havasupai Tribe rejects the conclusion of the EIS that the 
water monitoring plan is sufficiently statistically valid. 

The Appellants contend that it is the Central Limit Theorem of 
statistical mathematics that allows one to make inferences 
about the true concentrations of radioactive particles in 
Havasu Creek. Samples of less than 20 are not sufficient. 
Appellants fear that if levels of radioactive particles do 
increase after mining operations begin, those responsible will 
simply state that sufficient samples have not been taken for a 
statistical claim to be made with a high degree of 
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confidence. They conclude it is reasonable to expect that 
this important concern be addressed by qualified statistical 
mathematicians before the proposed operating plan is 
implemented. 


c. The Havasupai Tribe claim that without any specific 
information on location, size, transmissivity and porosity of 
the perched aquifers it is not possible to make the general 
conclusion that there will be little or no impact for 
groundwater circulation and storage in perched aquifers. 


All of the springs and seeps on.the Havasupai Reservation and 
on the Traditional Use Lands bordering the Reservation are 
sacred and necessary to the Tribe. They are all essential to 
the preservation of the religion, culture of the Tribe and 
livestock and wildlife on the Reservation. The fact that a 
spring may yield less than one gallon per minute does not 
diminish its importance in this arid region. The loss of one 
spring or seep could mean the loss of hundreds of acres of 
grazing land because no other water sources are available. It 
would also mean the loss of a site sacred to the Tribe, which 
could extinguish the foundation of specific portions of their 
religion. 


d. The Havasupai Tribe believes that Sinyella Springs, 
approximately 30 miles south of the Village of Supai, is 
particularly susceptible to contamination and depletion 
because it is closest to the mine site and the supporting 
aquifer is in the stratum closest to the surface. 


The Groundwater Report does not adequately address what effect 
6 the drainage into the mine shaft will have on the supply at 
EN &4) the numerous seeps and springs used by the Havasupai Tribe. 


e. The Havasupai Tribe alleges that the Groundwater Report 
ignores the fact that the proposed reclamation plan calls for 
the mine ore and contaminated materials to be dumped into the 
mine shaft after mining operations cease. There is no 
information on the effects from leaching from these 
contaminated materials, nor is there any information on the 
flow of contaminated water between aquifers after mining 
operations cease and pumping from the mine shaft is stopped. 


f. The Havasupai Tribe, Tonantzin Land Institute and Friends of 
the River fear contamination of the Redwall-Muav aquifer. 
Appellants claim that, because mineralization is known to be 
present 2100 feet below the surface, there is a very real 
possibility that mining at this depth will contaminate the 
Redwall-Muav aquifer. 


Appellants further allege that the applicant's proposed 


mitigation and monitoring program, together with the 
conditions imposed by the Forest Service, will not ensure the 
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prevention of contamination of the Redwall-Muav aquifer. In 
support of their claim, Friends of the River assume the 
existence of a single groundwater conduit, containing a stream 
one foot wide. They state that such a stream width would be 
typical, unless a trunk conduit happened to exist beneath the 
site, an extremely improbable circumstance in their view. 
Appellants conclude that interception of this assumed narrow 
conduit by the groundwater monitor and supply well is 
unlikely. 


The Havasupai fear that any groundwater withdrawal from the 
monitor and supply well may interfere with the flow of springs 
and seeps in the area. 


Based on their assumption that the primary aquifer at the 
Canyon Mine site may be a single, narrow conduit, Friends of 
the River reiterate the difficulty in intercepting the 
aquifer. The Appellants contend that even if one did 
intercept the target cave stream, it is highly probable that 
one would not recognize it because small diameter conduits can 
drain quickly and are frequently observed to be dry or to 
contain just an inch or two of water during base flow. 


Tonantz{n Land Institute claims that insufficient information 
exists for siting the proposed monitoring well in a location 
that can detect and capture contaminated groundwater. 


Tonantz{n Land Institute alleges that the onsite storage ponds 
are inadequate to capture all contaminated waters that may be 

generated from the groundwater monitor and supply well (if it 

is pumped in order to contain contamination) and from surface 

drainage. 


Tonantzin Land Institute claims that the studies and data are 
insufficient to support the EIS conclusion at page 4.36 that 
"concentrations of radioactive minerals would be decreased 
significantly via chemical precipitation and hydrodynamic 
dispersion in the subsurface." 


Friends of the River fear contamination of groundwater may 
result from the percolation of contaminated surface water. 
Appellants state that, in an area having an annual rainfall of 
15 inches, the surface waters rapidly run into subsurface 
aquifers which charge springs, seeps and creeks used for human 
and animal consumption in Cataract Creek and other Grand 
Canyon areas, and are seasonally affected. Rainfall is also 
summer-dominant and erosive, and events during only the last 5 
years demonstrate the folly of hedging against severe flooding 
and erosion (e.g., Hack Canyon flooding; rainfall and snowpack 
patterns in Salt River and Upper Colorado River drainages, 
creating "uncontrolled" floods and releases). 


Appellants further contend the groundwater situation may very 
well be too complex, and our technologies too insufficient, to 
allow permitting of underground mines in Karst terrains. 
Appellants cite an EPA publication in support of their 
conclusions. 


Friends of the River contends that the Forest Service failed 
to study the hydrogeology of the Orphan Mine, a similar 
breccia pipe ore body, and that there is presently 
contaminated water at the mine which has four times the EPA 
allowable standard for radium 226. Appellants cite the 
Reclamation Plan for the Orphan Mine, prepared by the National 
Park Service, Grand Canyon National Park, in June 1986, in 
support of their contention. Appellants further state that 
studies undertaken on the Navajo Reservation reveal serious 
health problems attributable to the impacts of modern uranium 
mines and milling, including lung cancers, birth defects, 
contaminated drinking water and contaminated livestock. 


Friends of the River claims that in an area underlain by 
carbonate rocks, one must seriously consider the possibility 
of adverse effects occurring perhaps 5 miles or more from a 
waste disposal site and occurring there only a day or two 
after a spill or other incident at the site. 


Friends of the River states that the Record of Decision makes 
no mention of the spring monitoring program developed by EFN 
and the Park Service. The Forest Service should realize that 


‘this is the only reliable method for detecting water 


contamination in a karst terrain, and that the program needs 
to be drastically improved. 


Appellant further contends that the Forest Service must 
recognize that monitoring techniques for karst terrains are 
different from those for granular aquifers. 


Friends of the River states that recent EPA recognition of the 
problems of waste disposal in karst terrains includes 
awareness that: 1) sinkholes may breach liners and dikes at 
disposal facilities; 2) the inability of owners or operators 
of new waste disposal facilities to properly monitor 
groundwater quality in karst terrains should be considered as 
grounds for permit denial; and 3) hydrologic conditions in 
karsts may be so complex that determination of groundwater 
flow direction and flow rate is not possible and such 
conditions are also grounds for permit denial. The Appellants 
cite a study conducted by EPA to support their contentions. 


Friends of the River also concludes that if a waste disposal 
site or spill site overlies limestone or dolomite in any 
terrain, all nearby springs should be located, their discharge 
characteristics should be evaluated and dye traces should be 
run. 
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Pp. Friends of the River states that the groundwater analysis 
fails to address the occurrence of the nearly vertical ring 
fractures surrounding the perimeter of the breccia pipe. 
Appellant claims that this ring fracture is the conduit that 
could allow contaminated water to quickly reach the 
Redwall-Muav aquifer. 


q. Friends of the River states that mineralized breccia pipes 
tend to be geographically grouped along the Redwall limestone 
cavern system. Appellant further claims that this phenomenon 
Suggests that the mineralizing fluids used a hydrologic system 
that connected multiple pipes, perhaps the Redwall limestone 
cavern systems, moving into those pipes connected by the same 
cavern. 


Yr. Friends of the River claims that the hydrogeology of the 
perched aquifers above the Redwall-Muav aquifer makes then 
susceptible to contamination. 


s. Friends of the River states that water percolates quickly 
through the Kaibab Limestone, the Toroweap Formation and the 
Coconino Sandstone until it reaches confining layers. The 
Appellant further claims that substantial quantities of 
groundwater may be perched above the confining layers in areas 
where fractures are sparse. 


Forest Service Response 


Impacts of the proposed mine on subsurface water quality and 
quantity were identified as a major concern from the onset of the 
environmental analysis process. Recognizing the highly specialized 
nature of this subject, the Forest Service retained the services of 
Dr. Errol L. Montgomery, a consulting hydrogeologist with over 20 
years experience in groundwater geology. During the initial phase 
of the groundwater analysis, data was obtained from records of 
water wells and exploration boreholes in the area, and an extensive 
monitoring program was initiated for springs which discharge along 
the south wall of the Grand Canyon. Information gathered during 
the spring monitoring progam was routinely forwarded to all 
interested parties. The groundwater analysis has been continually 
‘reviewed and updated to address concerns of the Havasupai Tribe and 
other interested groups and individuals throughout the EIS process. 


Possible ground water impacts resulting from the proposed mining 
project, along with the monitoring program to detect any future 
effects, are discussed in the FEIS in Sections: 2.5 (page 2.22), 
2.51 (page 2.24). 2.5.11 (page 2.32), Table 2.12 (page 2.47), 2.61 
(page 2.51), 3.2.7.2 (pages 3.36-3.57), 4.2.7.2 (pages 4.36-4.42); 
Appendix G: 60-4 (page 70), 60-7, 60-14 and 60-18 (pages 71, 72), 
61-3, 61-4, 61-5, 61-6, 61-7 and 61-8 (pages 79 and 80), 64-1, 
64-2, 64-3 and 64-4 (pages 86 and 87), 78-3, 78-12 and 78-14 (pages 
103-105) and 87-1 (page 125). 
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Points of appeal pertaining to groundwater were forwarded to Errol 
L. Montgomery and Associates for their review and analysis. Input 
from our groundwater consultants has been carefully evaluated, and 
the following responses reflect their conclusions and the 
independent Forest Service evaluation. 


For all environmental impact investigations, technical 
assumptions were combined with available data to project 
environmental impacts. For the Canyon Mine groundwater 
investigation, the hydrogeologic information essential for 
making important conclusions are known, including: location 
and rate of flow at the principal points of discharge from the 
Redwall-Muav aquifer; recharge to the Redwall-Muav aquifer; 
nature of the small, thin, discontinuous perched groundwater 
zones; and hydrogeologic conditions at the mine site and 
surrounding area. 


Site-specific data were recently obtained during construction 
of a groundwater monitor and supply well at the mine site. 
These data confirmed data and projections used in the 
groundwater analysis. The existence of a perched groundwater 
zone overlying the Hermit Shale was confirmed near the 
approximate projected depth. Reported water yield from the 
perched groundwater zone during drilling operations was in the 
magnitude projected. In addition, groundwater was reported to 
have been encountered in the Redwall Limestone formation near 
the approximate projected depth. 


Combined with other salient data, the information indicates 
that, even using extremely conservative assumptions that in 
the opinion of our groundwater consultants are unlikely to 
occur, the proposed mining operations will have little or no 
impact on the quantity or quality of groundwater in the area. 
These conclusions are based on sound assumptions and on 
results of excellent research conducted by many scientists on 
the unique hydrogeologic conditions in the Grand Canyon 
region. The conclusions are supported by data recently 
obtained from construction of the groundwater monitor and 
supply well. 


This comment was raised by the Havasupai Tribe in several 
letters prepared in response to the Draft EIS. No additional 
information is offered by the Appellants in support of their 
earlier claims. The Forest Service reply to these comments is 
given in Appendix G of the EIS in response 64-4. 
Scientifically valid estimates for baseline water quality data 
are commonly and routinely obtained from statistical treatment 
of results from fewer chemical analyses than would be required 
by the Central Limit Theorem. It appears that the baseline 
information which is gathered by the monitoring program will 
be adequate to allow identification of any significant changes 
in water quality. However, it should be noted that the 
Havasupai Tribe may, at their own initiative and expense, 
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conduct additional tests to add to the data base if they feel 
there is a need to confirm existing data. 


These same comments were also previously submitted in response 
to the Draft EIS. The Final EIS was revised to consider the 
comments concerning perched groundwater reservoirs. Such 
reservoirs are thin, discontinuous, and often ephemeral. Data 
reported for the perched groundwater zone encountered in the 
on-site monitor and supply well suggest that this zone may 
also be small, thin and discontinuous (See Appendix G of the 
Final EIS, Forest Service response 61-3). 

This same comment was addressed earlier in the Forest Service 
response 61-4, Appendix G of the Final EIS. No new 
information is offered by the Appellants. Operations at the 
mine site will not affect the quantity or quality of discharge 
from Sinyella Spring because: Cataract Canyon separates 
Sinyella Spring from the mine site; the source of water for 
Sinyella Spring is a perched aquifer on the west side of 
Cataract Canyon and, therefore, is not corinected with any of 
the perched aquifers on the east side of Cataract Canyon, e.g. 
activities on the east side of Cataract Canyon can not affect 
the Sinyella Springs aquifer on the west, or opposite side of 
the Canyon; perched aquifers in the area are discontinuous; 
and the distance between the spring and the mine site is 
great. 


The Forest Service reply to this identical comment can be seen 
in Appendix G, response 61-5 of the Final EIS. The discussion 
in Section 4.2.7.2 of the Final EIS was also expanded to 
address this issue. The Appellants have submitted no new 
information that requires reanalysis or modification of our 
earlier response. If perched groundwater recharge due to 
rainfall and snowmelt drains through the sealed Canyon Mine 
shaft after reclamation, concentrations of radioactive 
minerals from the waste rock are anticipated to be small, 
approaching the range of monitoring instrument error, even in 
the unlikely event that such minerals eventually reach the 
referenced springs. Additionally, concentrations of 
radioactive minerals in a water solution under these 
conditions would be decreased significantly through chemical 
precipitation and hydrodynamic dispersion. 


Furthermore, if large unanticipated quantities of groundwater 
in perched aquifers are encountered during mining operations, 
additional monitoring and mitigation requirements can be 
imposed if warranted. These additional measures can include 
continuation of groundwater monitoring after the mining 
operations have ceased. 


Similar comments were raised by the Havasupai Tribe in review 


of the Draft EIS. Forest Service response 61-6 in Appendix G 
of the Final EIS discusses the possibility of mining below the 


mee 


See Draft EIS page 17 of pdf 


“However, since surface drilling 

has disclosed limited mineralization 
to a depth of 2,100 feet, further 
drilling from underground stations 
will be under taken after the shaft is 
driven to the 1,400 foot depth to 
further define and delineate the 
uranium ore deposit. 

If economic reserves are found at 
these lower depths, the shaft may be 
deepened or a decline from the 1,400 
foot depth driven in order to permit 


recovery of these reserves. 


In any event, if mining is justified 
below 1,400 feet, no changes in the 
surface facilities described in this 
Plan of Operations will be necessary 
other than perhaps to increase the 
waste disposal areas by a fraction of 


an acre.” 


re 


EM 


CAZR 


projected base of the proposed operations, which is estimated 
to be about 2400 feet below the land surface. The groundwater 
analysis projected the top of the Redwall-Muav aquifer at the 
Canyon Mine site to be about 2300 feet below the land 

surface. Recent data obtained from the construction of the 
groundwater monitor and supply well confirms the presence of 


this formation at a depth of 2500 feet. Although exploration 
drilling indicates mineralization occurs to a depth of 2100 


the EIS states, and further 


feet below the land surface, 
discussions with EFN confirm (See Exhibit #6, paragraph no. 


6), that the base of uranium ore that can be mined 
economically does not extend significantly beyond a depth of 
approximately 1400 feet. Mining operations significantly 


After extensive analysis, our expert consultants have 
concluded that the potential for a discharge from the mine to 
affect chemical quality of groundwater in the Redwall-Muav 
aquifer is low. Recent data obtained from the construction of 
the on-site groundwater monitor and supply well confirms 
projections that the mine may encounter perched groundwater in 
the basal portion of the Coconino Sandstone. Data for 
existing wells in the Canyon Mine area. indicate that the 
perched groundwater is expected over time to drain after it is 
intercepted by mine shaft construction. Drainage to the mine 
is expected to be small and will be lost to evaporation or 
will be used in mining operations. For purposes of 
discussion, in the unlikely event that a substantial quantity 
of such water would percolate downward from the mine openings, 
there is a low potential that water with elevated 
concentrations of dissolved radioactive minerals would reach 
groundwater in the Redwall-Muav aquifer, which has been 
reported at a depth of more than 2500 feet in the on-site 
monitor and supply well. This water level is more than 1000 
feet below the projected base of mine openings. For further 
purposes of discussion, in the unlikely event water with 
elevated concentrations of dissolved radioactive minerals were 
to reach the Redwall-Muav aquifer, and if the extremely 
conservative assumption is made that no hydrodynamic 
dispersion or chemical precipitation would occur during 
groundwater flow from the minesite area to Havasu or Blue 
Springs, the change in chemical quality of water at the 
springs would still not be discernible. 


Seepage, if any, of water from the mine openings would be 
subject to subsurface conditions, including but not limited 
to: hydrodynamic dispersion; intergranular flow through 
porous media containing minerals stable in reducing 
environments; chemical precipitation; and specific retention 
of clastic media. These factors cumulatively suggest that no 
contamination of the Redwall-Muav aquifer would occur. 
Accordingly, our consultants still do not believe, and we 
concur, that there will be impacts to monitor. 
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However, even though there is only an extremely remote 
possibility for groundwater impacts, we have required EFN to 
construct a groundwater monitoring well to provide an 
additional measure of safety for detection and mitigation in 
the unlikely event that adverse impacts would occur. 
Preliminary results from the groundwater monitor and supply 
well drilling program at the Canyon Mine site indicates that 
groundwater has been encountered in the Redwall Limestone. 
Because groundwater occurs in the unit at the mine site, 
periodic chemical sampling would detect increases in 
concentrations of radioactive minerals in the unlikely event 
that migration of these minerals from the mine opening to the 
Redwall Limestone should occur. 


The single groundwater conduit assumption proposed by Friends 
of the River is extreme. Inspection of springs and caverns in 
the Redwall Limestone exposed in the walls of the Grand Canyon 
indicates that groundwater is most likely to occur in large 
interwoven fracture and solution systems. If breccia pipes 
such as the Canyon Mine breccia pipe are the result of 
collapse of solution caverns in the Redwall Limestone, large 
extensive fracture systems would have been associated with the 
caverns at the time of formation of the breccia pipes. 

Because of this origin of breccia pipes, it is likely that the 
monitor well would intersect a substantial number of fractures 
in the Redwall formation. If deep percolation had a 
sufficient concentration of radioactive elements and if 
sufficient water occurred to permit sampling, monitoring at 
the well could detect groundwater contamination. The 
monitoring network presently established for the Canyon Mine 
monitors more than 90 percent of spring discharge from the 
Redwall-Muav aquifer along the south wall of the Grand 

Canyon. Therefore, the monitoring network is effective, and 
should be more than sufficient to monitor the effect of any 
potential impacts. 


In the unlikely event that percolation of mine drainage would 
occur in perched groundwater zones intersected by mine 
openings, the inward dip of strata in the vicinity of the 
collapsed breccia pipe structure would tend to direct the 
drainage toward mine openings. If sufficient quantities of 
this drainage entered the mine, most of it would evaporate and 
the remainder would be recirculated in mine operations. In 
the unlikely event that such drainage would occur and be 
detected in the mine, the drainage could be monitored for 
chemical quality. 


This is false and Energy Fuels should have been aware of it. 

In the Draft Environmental Impact Statement, none of the exploration boreholes were used for the 

hydrogeological study. It didn’t come out until after the mining pesmplit-was issued that there was page 622 of 1,174 
water in the exploration boreholes. Also there had been a livestock well on the mine site - this 

livestock well actually appears to be one of Shell Oil’s boreholes 
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springs in the Grand Canyon that yield small amounts of water 
from perched groundwater zones are not large and the drainage 
areas would not be likely to encompass the mine site. Data 
reported for the perched groundwater zone encountered in the 
on-site monitor and supply well suggest that this zone may 
also be small, thin and discontinuous. 


Finally, it should be noted that NEPA does not require 
mitigation measures be 100 percent foolproof, but merely 
requires that reasonable measures be taken to identify, avoid 
and minimize impacts. This requirement has clearly been met 
through the in-depth analysis of potential groundwater impacts 
and the design of a detailed groundwater monitoring and 
mitigation plan. 


If the water that may occur in the fractures is insufficient 
to detect, the potential maximum impact from the proposed 
mining operations would be small or none. 


The on-site groundwater monitor and supply well, which was 
recently constructed a few hundred feet from the breccia pipe, 
encountered groundwater in the Redwall-Muav aquifer and is 
being equipped for groundwater withdrawal and ponitoring. The 
well will be monitored to document chemical quality of 
groundwater in the Redwall-Muav aquifer at the mine site. 


Based on our analysis and the analysis of others for the 
hydrogeologic conditions in the mine site area, we believe 
there is only an extremely remote possibility that there will 
be impacts to monitor at the on-site monitor and supply well. 
However, for the purposes of discussion, in the unlikely event 
that drainage from the aine openings would occur and would 
reach the Redwall-Muav aquifer, the zone of downward 
percolation would resemble an inverted cone distorted by flow 
along low permeable layers and fractures, with the apex near 
the base of mine openings. The monitor and supply well is 
located near enough to the breccia pipe to be within the basal 
area of the inverted cone of percolation. Therefore, the well 
is located properly. In the unlikely event that such 
percolation should occur, and in the further unlikely event 
that such percolation would contain elevated concentrations of 
dissolved radioactive minerals, monitoring of the well will 
detect any potential change in chemical quality of groundwater 
in the aquifer. 


If it becomes necessary to pump groundwater to contain and 
reclaim aquifer contamination, appropriate on-site facilities 
could be built within the designated area of operations to 
manage the reclaimed groundwater. It is not standard 
practice, or prudent, to build such facilities prior to 
detection, delineation and quantification of groundwater 
contamination. 
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Sulfide minerals, including pyrite, are common in the rock 
units of the Grand Canyon South Rim region. These minerals 
are stable in reducing environments. Dissolved radioactive 
minerals commonly precipitate out of solution when subjected 
to reducing mechanisms. When such chemical precipitation 
occurs, the concentration of radioactive gsinerals remaining in 
the solution is decreased. 


As water flows through porous or fractured media, it naturally 
spreads out through the media from the point of origin. 
Hydrodynamic dispersion is a principal mechanism that causes 
this spreading. In flow of a water solution through the 
vadose zone, this spreading generally occurs until the 
moisture content of the spreading front no longer exceeds the 
specific retention of the media, and further flow does not 
occur. The vadose zone commonly contains a natural moisture 
content greater than zero but less than specific retention, 
and the water solution would mix and be diluted with this 
moisture. In flow of a water solution through saturated 
media, such as an aquifer, the spreading by hydrodynamic 
dispersion is ongoing and results in relatively rapid mixing 
and dilution of the solution with groundwater in the aquifer. 


Therefore, concentrations of radioactive minerals in a water 
solution under these conditions would be decreased 
significantly via chemical precipitation and hydrodynamic 
dispersion. Further data for the Canyon Mine investigations 
is not required to reach this conclusion. 


Local rainfall and snowmelt provide meager quantities of 
recharge to groundwater systems in the Canyon Mine region. 
This conclusion is supported by the absence of large springs 
discharging from perched groundwater zones along the south 
wall of the Grand Canyon and the lack of sustained yield to 
existing wells completed in perched groundwater zones in the 
region, including the several abandoned wells at Tusayan, 
Arizona. A comparison of the 100-year flood projections for 
the relatively small local 3.3-square mile drainage area of 
Little Red Horse Wash at the mine site, to the 100-year flood 
projections for the large complex regional drainage areas of 
the Salt River and Upper Colorado River is inappropriate and 
misleading. 


Our groundwater consultants were unable to locate the EPA 
document cited by Friends of the River. However, the 
semi-arid highland terrain of the South Rim region is not 
typical of the humid lowland karstic terrains discussed in 
several other EPA documents concerning karstic terrains. 
Hydrogeologic features typical of humid lowland karstic 
terrains include shallow depth to groundwater and absence of 
established through-going surface drainage systems. These 
features are not common in the Grand Canyon South Rim region. 
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Unqualified comparisons made by the Friends of the River to 
these environs are inappropriate. 


Published research on the Orphan Mine and other breccia pipes, 
field inspections of the Hack Canyon breccia pipe mines and 
field inspections and drilling information for the Canyon Mine 
site were used to formulate conclusions in the hydrogeologic 
analysis for the Canyon Mine. 


The water sampled at the Orphan Mine is reported by the 
Appellants to have contained a concentration of radium 226 
equal to four times the drinking water standard, which is 
three picocuries per liter (pCi/l). We have not been able to 
verify the chemical results cited by the Appellants, however, 
a concentration of four times the drinking water standard 
would be 12 pCi/l. Natural concentrations of radium 226 in 
groundwater which has percolated through a breccia pipe 
containing uranium minerals would be expected to exceed EPA 
standards for potable drinking water. The fact that the 
reported concentration was only four times the EPA standard 
indicates that the radium 226 content of the water was quite 
low. For comparison, the Safe Drinking Water Committee 
("Drinking Water and Health", by the National Academy of 
Sciences, 1977) indicates that 920,000 people in Illinois and 
Iowa have drinking water supplies with radium 226 
concentrations in the range from three to 80 pCi/1l, which 
equates to one to 27 times the EPA standard. Some groundwater 
may contain up to 100 pCi/1 of radium 226. It has never been 
contended that groundwater which has percolated through a 
mineralized breccia pipe will meet EPA standards for potable 
drinking water. 


Neither the Forest Service nor our expert consultants are 
aware of any groundwater contamination on the Navajo 
Reservation that could be attributed to uranium mining 
activities in Arizona. However, our consultants are aware, in 
mineralized areas, of naturally occurring concentrations of 
uranium and other radioactive elements in groundwater 
supplies. To illustrate this fact, the EIS gives results of 
laboratory chemical analyses, conducted in conjunction with 
the Canyon Mine groundwater analysis, which indicate that 
water discharged from Havasu Spring is not extraordinarily 
pure with regard to content of radioactive elements. 
Concentrations of total uranium detected in water samples 
collected from Havasu Spring in May and December 1985 were as 
high as 10 micrograms per liter. With regard to drinking 
water quality, these relations indicate neither that the water 
from Havasu Spring is extraordinarily pure nor that it is 
unsafe to drink due to content of radioactive elements. 


Perched groundwater in the Kaibab Limestone occurs in small, 


thin, discontinuous zones. In the unlikely event that a spill 
of uranium ore should occur at the mine site, there is no 
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reasonable probability that it would affect a useable water 
supply. However, due to the nature of perched groundwater 
zones, the effects would be small and isolated if one were to 
be affected. If subsequent rainfall would dissolve small 
amounts of radioactive minerals and that infiltration of the 
rainfall would be sufficient to cause movement of the 
radionuclides between discontinuous perched groundwater zones, 
extreme dilution of the spill would occur. 


The groundwater monitoring program, including the provisions 
for monitoring the network of springs in the Grand Canyon, was 
developed by the Forest Service with the concurrence of EFN 
and the Park Service. The spring monitoring program monitors 
more than 90 percent of the discharge from the Redwall-Muav 
aquifer along the south wall of the Grand Canyon. The scope 
of this monitoring program exceeds that of most groundwater 
monitoring systems, and should be more than sufficient to 
monitor the effects of any potential impacts. The few springs 
which issue from the small, thin and discontinuous perched 
groundwater zones are not likely to be affected by the 
proposed mine operations. 


The groundwater monitoring network established for the Canyon 
Mine recognizes the inherrent differences in the unique 
hydrogeologic environment of the South Rim region, and takes 
advantage of these differences. 


Hydrogeologic conditions indicate that this statement is not 
applicable at the mine site. AlthHough some karst features 
occur in the Kaibab Limestone, they are not typical of karst 
features in humid lowland areas of the southeastern United 
States. Most of the references for karst features cited by 
the Appellants were for investigations conducted in the humid 
lowlands of the southeastern United States, not in the 
semi-arid highlands of the South Rim region, and are not 
appropriate for comparison with the Canyon Mine area. 
Direction and rate of groundwater flow have been determined 
for several limestone units in Arizona, including the Kaibab 
Limestone. 


Table 2 and Figure 3 of the Groundwater technical report 
(Appendix F of the EIS) identifies all known nearby springs 
along the South Rim of the Grand Canyon together with 
published data on discharge rates. Becau3ze the distances 
between the springs and the mine site are large and the zone 
of recharge covers a large area, tests using tracer dyes are 
not feasible. However, use of tracer dyes is feasible in many 
karst areas in the humid lowlands of the southeast, where 
depth to groundwater and distance from karst features to 
springs is small. 


Inspections of the perimeter of the breccia pipes in numerous 
tunnels at similar mines north of the Grand Canyon in the 
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Arizona Strip indicate that fractures associated with the 


perimeter are tightly closed and do not comprise conduits for 
fluid flow. 


Mine openings and mineralized portions of the Hack Canyon 
breccia pipes occur at similar stratigraphic levels as the 
proposed Canyon Mine. Mineralization of the Hack Canyon 
breccia pipe structures is believed to have been associated 
with fluid flow within the breccia pipes. However, due to 
gradual and natural compaction and cementation of the breccia, 
porosity of the breccia is low. Voids between the blocks are 
filled with firmly cemented matrix and the breccia appears to 
have very low permeability. 


The perched groundwater zones above the Redwall-Muav aquifer 
are small, discontinuous, and often ephemeral. Contamination 
of perched groundwater at the mine site is unlikely. In the 
unlikely event that contamination should occur, it would be 
isolated and would have little or no impact on the springs 
which discharge at the Grand Canyon or the wells which are 
completed in perched groundwater zones northwest from the mine 
site. 


Although precipitation in the mine area is approximately 15 
inches per year, much of the rainfall and snowmelt is lost 
through evapotranspiration. Most of the remaining fraction 
infiltrates via permeable surficial deposits and via fractures 
and solution openings in the Kaibab Limestone. 


Substantial quantities of groundwater may be perched above 
confining layers in areas where fractures are sparse. These 
conditions occur most commonly in the Toroweap Formation where 
groundwater is perched in sandstone units overlying shaley 
confining strata, and, as for the perched groundwater zone 
encountered in the groundwater sgonitor and supply well, in the 
base of the Coconino Sandstone where groundwater may be 
perched on the mudstone strata of the Hermit Shale. At these 
places, the perched aquifers may yield small quantities of 
groundwater for domestic and stock use. Because the perched 
water leaks slowly downward through the confining layers and 
moves downward along fractures, the perched reservoirs are 
commonly small, thin and discontinuous. If the groundwater 
stored in these perched reservoirs is not replenished annually 
by rainfall and snowmelt, wells and springs which yield from 
the perched aquifers may fail. A comparison of the quantity 
of groundwater yielded to seeps and springs from the perched 
aquifers to the quantity yielded from the Redwall-Muav aquifer 
is interpreted to indicate that the principal direction of 
groundwater movement is downward in the rocks overlying the 
Redwall-Muav aquifer. 


It is our opinion that the conclusions stated on p. vii of the FEIS 
Summary stand unchanged: 
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"The possibility of significant ground water contamination 
from the mine is remote. Ground water flows, if they exist, 

t are likely to be at least 1,000 feet below the lower 
extremities of the mine. This, plus the low potential for 
encountering significant quantities of groundwater in the 
mine, effectively eliminates the possibility of contaminating 
the Redwall-Muav aquifer. Groundwater flows, if present, will 
be monitored by a test well drilled at the site. Water 
samples will be taken, and if contamination is found, the well 
will be pumped and the water will be held on site or 
discharged in accordance with the Clean Water Act." 


COMPLIANCE WITH THE AMERICAN INDIAN RELIGIOUS FREEDOM ACT 


Appellants contend that the decision to approve the development and 
operation of the Canyon Mine is substantively contrary to the American 
Indian Religious Freedom Act (AIRFA), and the analysis to identify 
impacts on Native American religious beliefs was fatally defective and 
unconstitutional. Appellants claim that the Forest Service had decided 

- prior to preparing the EIS that it lacked the authority to deny a Plan 
of Operation. Therefore, the Forest Service did not affirmatively seek 
to identify Native American religious concerns regarding the proposed 
action. Unless otherwise noted, the points of appeal are common to both 
the Havasaupi and Tonantzin Land Institute. 


1 Appellants' Position 


a. It is apparent that Native American religious rights were not 
given the weight and due consideration, which was ordered by 
Congress, under the American Indian Religious Freedom Act (42 
U.S.C. 1996). The Forest Service has a legal mandate to 
protect the inherent right of freedom for American Indians to 
believe, express, and exercise their traditional religions (36 
CFR 219.1b) (6). It is the contention of the Appellants that 
federal regulations and AIRFA require a more specific 
commitment to this task than that which was shown during the 
Forest Service approval of the Canyon Mine and implementation 
of the Plan of Operation and without further analysis of the 
impact on Native American religion, is clearly contrary to the 
purpose of AIRFA. 


b. Appellants contend the procedures used by the Forest Service 
to identify Native American religious concerns were unlawful 
and ineffective. Comments of the Havasupai Tribe regarding 
religious significance were ignored. The Forest Service 
failed to identify the experts on Indian Religious sites and 
practices that were consulted in preparation of the FEIS, nor 
were appropriate Tribal Council or important Tribal Cultural 
and Religious Leaders informed or consulted about the proposed 
operating plan. 
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SURFACE WATER 


Three appellants have challenged the Forest Service consideration of 
potential surface water impacts in the EIS, by alleging either 
inadequacies in the surface water studies, or in the EIS surface water 
protection measures. 


Ls Appellants’ Position 


a. The Havasupai Tribe claims that the surface water studies upon 
which the decision to approve the Plan of Operations is based, 
lack the scientific integrity necessary to make such a 
decision. 


b. The Havasupai Tribe and Tonantz{n Land Institute allege that 
the mitigation and monitoring program does not "ensure" the 
prevention of surface water comtamination. 
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Cs The above Appellants, along with the Sierra Club and Friends 
of the River, contend that the on-site storage ponds are 
inadequate to contain all entering waters. 


d. The Tonantz{n Land Institute and the Havasupai Tribe allege 
that the ore pads are inadequate to prevent contaminated 
seepage. 


e. The Tonantzin Land Institute also contends that the SCS 
methodology for estimating surface runoff is inappropriate to 
the climate and hydrologic conditions found in the Kaibab 
regional environment. ‘ 


fi The Sierra Club generally alleges that the EIS deals 
inadequately with the possibility of floods and the resultant 
contamination of water supplies, and that based upon a 
November 12, 1986 comment of Patricia Port (USDI), the Forest 
Service must complete a supplemental EIS on the issue of 
sediment transfer in the event of a flood. 


g. Comments from the USDI, referenced and appended to the Sierra 
Club appeal contend that a serious error in the hydrologic 
analyses is the assumption that, if debris from the mine 
escapes the site, it will not get past the broad flat area 
some 14 miles downstrean. 


Forest Service Response 


The FEIS contains extensive coverage of all aspects of surface 
water issues. The FEIS first compared the different surface water 
diversion structure designs identified for the various project 
alternatives (FEIS 2.16-.22). It also discussed the measures to be 
taken to safeguard the environment in the unlikely event of a 
failure of the surface water control features (FEIS 2.32). An 
entire section was devoted to a discussion of surface flood water 
control at the mine site (FEIS 2.33). The EIS also provided an 
extensive discussion on the surface water resources and a detailed 
description of the surface drainage and storm runoff in the general 
area of the mine (FEIS 3.32-.35). A comparison of the effects of 
each of the project alternatives on the surface water resources was 
also included (FEIS 4.31-.36). 


Each comment received on the DEIS concerning possible surface water 
impacts was conscientiously and responsibly published and responded 
to in Appendix G of the FEIS, and, in appropriate cases, the text 
of the FEIS was changed to reflect those comments (See FEIS, 
Appendix G pages 34-35, 54, 75-82, 113-114, 116-117, 123, and 126). 


a. The Forest Service retained Dr. Charles F. Leaf, P.E., as the 
consulting hydrologist for the Canyon Mine project. Dr. 
Leaf's credentials are briefly outlined in the FEIS List of 
Preparers at 5.1. Dr. Leaf was directly in charge of devising 
the surface water protection system for the project. An 
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extensive report on the “Downstream Hydrologic Impacts of 
Proposed Canyon Mine" was prepared by Dr. Leaf and submitted 
to the Forest Service in July of 1985. The report was 
available for public comment as part of the DEIS (See DEIS, 
Appendix D). Although general allegations of insufficiency or 
inadequacy have been forwarded, no specific errors in Dr. 
Leaf's report or methodology have been identified. 


Mitigation is not required to "ensure” that there will be no 
impact. Indeed, CEQ's definition of "mitigation" presumes in 
many cases there will be environmental impacts. Mitigation 
provides an agency the opportunity to impose conditions that 
avoid or minimize those impacts. 


To "avoid" or "minimize" potential surface water impacts, the 
Forest Service has imposed several mitigation measures. We 
have required the construction of several surface water 
diversion and containment devices (See FEIS at 2.33). The 
holding ponds must be adequate to contain a 100-year 
thunderstorm event, plus normal annual runoff and water that 
may be pumped from the mine. The original 100-year flood 
channels have been modified to accommodate a 500-year event, 
thus precluding "the possibility of runoff from local intense 
storms from either entering or leaving the operating site . 

." Additionally, should the containment facilities ever fail, 
EFN has agreed that the flooded area downstream will be 
radiometrically surveyed for above base line radiation levels, 
and any contaminated soil removed and returned to the mine 
site (FEIS 3.32). We believe we have taken all reasonable 
measures to prevent any surface water contamination. 


The holding ponds are constructed to contain a 100-year stora 
event plus annual runoff and water that may be pumped from the 
mine (FEIS 2.33). As additional protection, the flood 
channels and perimeter berms are constructed to prevent waters 
from a 500-year storm event from either entering or leaving 
the mine. Appellant's contentions are completely unsupported 
by the record. 


Appellants allege design inadequacies of the ore pads but fail 
to provide any specific information in support of their 
allegation. The Plan of Operations submitted by EFN outlines 
specific design characteristics for the construction of the 
ore stockpile pads. It specifies that all ore grade material 
will be stockpiled on the pads pending removal from the 
project area. Each ore pad will be at least one foot thick 
and shall be constructed utilizing an equal mixture of 
limestone and shale produced from the underground excavation 
at the mine site. The purpose for constructing ore pads is to 
elevate the ore stockpiles above water levels that would be 
expected if the surface water diversion dikes failed during a 
500+ year event and to prevent leaching of mineral values 
contained within the ore grade material into the soil from 
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There is no such chemical 
reaction between dissolved 
uranium and limestone (or 
any carbonate), that would 
prevent U to be mobilized 
into the groundwater. 


The holding ponds do 
not receive much 
surface run-off, the 
ponds are for dewatering 
the mine. 
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percolation of surface water. Leaching is prevented by the 


the ore pad. 
Lacking any information to the contrary, we believe that the 
one-foot thick ore pads are adequate to prevent solution 
percolation into the subsoil. 


Once again, the calculations alleged as being inappropriate 
were conducted by an eminently qualified hydrologist with over 
20 years experience in, among other things, streamflow 
forecasting (See FEIS at 5.1). The methodology used was that 
accepted by the United States Soil Conservation Service (See 
DEIS, Appendix D at 8). In addition to the SCS method, the 
statistical method of Roeske was used as a comparison. 
Agreement in the two methods is obvious in Table 2, Appendix 
D, of the EIS. Without evidence to the contrary, we believe 
the SCS methodology is appropriate and sufficient. 


Although here the Appellant has exceeded the typical simple 
conclusory allegations by providing outside comments, these 
comments do not in any way refute the findings of the FEIS. 


Ms. Ports' comments raise two concerns: (1) Holding ponds 
should accommodate a 500-year event, and (2) escaped debris 
from the mine site will become part of the "sediment in 
transit” and eventually contaminate surface water supplies. 
These concerns are easily answered with a quick look at the 
EIS. 


First, although Ms. Ports' obvious preference is for holding 
ponds with a 500-year capacity rather than the chosen 100-year 
capacity ponds, she provides no reason why our choice based 
upon expert analyses is inadequate. In the absence of 
supporting evidence that the Forest Service analyses and 
conclusions are arbitrary and capricious, the decisions in the 
FEIS should stand (See also "c" above). 


Second, Ms. Ports' concern over sediment in transit overlooks 
one of the major mitigation measures required in the FEIS. In 
the unlikely event of a flood control failure, the flooded 
downstream area will be radiometrically surveyed, and "any 
soil showing radiation levels above baseline measurements 
would be removed and returned to the mine site.” (FEIS at 
2.32). Therefore, any discharge will not become part of the 
"sediment in transit” and will not endanger surface water 
resources. ; 


The Appellants' conclusion that no "debris" will get beyond 14 
miles downstream from the mine, is a misinterpretation of the 
results of the hydrologic study reported in Appendix D of the 
EIS. This conclusion is only valid for the local thunderstorm 
event as depicted in Figure 6 (and validated by on-site 
observations during and after the August, 1984 


-57- 


GROUNDWATER 


Points raised by the Appellants related to groundwater generally allege 
that the EIS failed to adequately address the effects of the proposed 
mine on groundwater quality and quantity and question the effectiveness 
of the monitoring progran. 


Li Appellants' Position 


a. The Havasupai Tribe, Tonantzin Land Institute and Friends of 
the River allege that there are more unkowns related to 
hydrogeology and groundwater than the known, solid data, and 
the assumptions, research and conclusions of the groundwater 
analysis may be defective, erroneous and insufficient. The 
groundwater analysis generally lacks the scientific integrity 
necessary to make decisions regarding grouncwater. 


b. The Havasupai Tribe rejects the conclusion of the EIS that the 
water monitoring plan is sufficiently statistically valid. 
The Appellants contend that it is the Central Limit Theorem of 
statistical mathematics that allows one to make inferences 
about the true concentrations of radioactive particles in 
Havasu Creek. Samples of less than 20 are not sufficient. 
Appellants fear that if levels of radioactive particles do 
increase after mining operations begin, those responsible will 
simply state that sufficient samples have not been taken for a 
statistical claim to be made with a high degree of 
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confidence. They conclude it is reasonable to expect that 
this important concern be addressed by qualified statistical 
mathematicians before the proposed operating plan is 
implemented. 


The Havasupai Tribe claim that without any specific 
information on location, size, transmissivity and porosity of 
the perched aquifers it is not possible to make the general 
conclusion that there will be little or no impact for 
groundwater circulation and storage in perched aquifers. 


All of the springs and seeps on the Havasupai Reservation and 
on the Traditional Use Lands bordering the Reservation are 
sacred and necessary to the Tribe. They are all essential to 
the preservation of the religion, culture of the Tribe and 
livestock and wildlife on the Reservation. The fact that a 
spring may yield less than one gallon per spinute does not 
diminish its importance in this arid region. The loss of one 
spring or seep could mean the loss of hundreds of acres of 
grazing land because no other water sources are available. It 
would also mean the loss of a site sacred to the Tribe, which 
could extinguish the foundation of specific portions of their 
religion. 


The Havasupai Tribe believes that Sinyella Springs, 
approximately 30 miles south of the Village of Supai, is 
particularly susceptible to contamination and depletion 
because it is closest to the mine site and the supporting 
aquifer is in the stratum closest to the surface. 


The Groundwater Report does not adequately address what effect 
the drainage into the gine shaft will have on the supply at 
the numerous seeps and springs used by the Havasupai Tribe. 


The Havasupai Tribe alleges that the Groundwater Report 
ignores the fact that the proposed reclamation plan calls for 
the mine ore and contaminated materials to be dumped into the 
mine shaft after mining operations cease. There is no 
information on the effects from leaching from these 
contaminated materials, nor is there any information on the 
flow of contaminated water between aquifers after mining 
operations cease and pumping from the mine shaft is stopped. 


The Havasupai Tribe, Tonantz{n Land Institute and Friends of 
the River fear contamination of the Redwall-Muav aquifer. 
Appellants claim that, because mineralization is known to be 
present 2100 feet below the surface, there is a very real 
possibility that mining at this depth will contaminate the 
Redwall-Muav aquifer. 


Appellants further allege that the applicant's proposed 


mitigation and monitoring program, together with the 
conditions imposed by the Forest Service, will not ensure the 
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thunderstorms). However, in the case of a general storm 
(shown in Figure 7) the initial concentration of leacheate 
and/or sediment from the mine site, is reduced at the playa 14 
miles downstream by 98 percent, as a result of inflows from a 
rapidly increasing drainage area. In other words, in the 
unlikely event that the flood control structures should fail 
(and they are designed to accommodate a 500-year flood), water 
from the mine yard would be so diluted by the inflow from the 
main arm of Red Horse Wash that it is unlikely any radiation 
levels above background could be detected beyond the playa. 


We do not believe the Appellants' contentions in any way change the 
conclusions in the FEIS: 


"Mitigation measures and operational procedures included in 
Alternatives 3-5 will reduce the possibility of radionuclide 
contamination to surface or subsurface water sources, and 
identify any contamination at the earliest possible time. 
Neither the water quality on the Havasupai Indian Reservation 
nor the Grand Canyon National Park should be environmentally 
affected by the development of this mine under Alternatives 
2-5. The Havasupai Reservation is located about 35 miles 
downstream from the mine site. A documented 100-year flood 
dissipated because of topographic features, about 14 miles 
downstream and 20 miles above the Reservation. Mitigation 
measures taken at the mine site would prevent any significant 
downstream radionuclide contamination in the event of an 
extreme flood occurrence." (FEIS Summary pages x and xi). 


Ls HOLDING PONDS 


Appellants allege that the EIS does not adequately address possible pond 
leaks and pond monitoring. 


1. 
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Appellants’ Position 


a. The Tonantzin Land Institute and Friends of the River allege 
that the EIS does not address the problem of leaky holding 
ponds and the maintenance of their physical integrity. They 
also contend that no mitigation measures have been taken to 
directly monitor the ponds. 


Forest Service Response 


The design of the mine yard perimeter berm, the drainageways around 
the yard, the holding ponds and the ore pads, have all been extra 
conservative. The berm is designed to keep water from a 500-year 
flood from either entering or leaving the mine yard. As a 
redundant safeguard the ore pad is to be elevated above the 
500-year flood level. Similarly, the pond size is designed to hold 
more than the runoff from a 100-year storm, even though the berm is 
designed to contain a 500-year event. Additionally, all discharges 
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NOTES 
ABOUT THE LISTING OF DOCUMENTS 


IN THE APPEAL RECORD 


1. Abbreviations used to represent appeal parties and Forest Service officers 
or administrative units in their order of appearance are: KNF--Kaibab National 
Forest; EFN--Energy Fuels Nuclear; HAV--Havasupai Indian Tribe; RF--Regional 
Forester; AWF--Arizona Wildlife Federation; DR--Ristrict Ranger; FOR--Friends 
of the River; SCLDF--Sierra Club Legal Defense Fund; TLI--Tonantzin Land 
Institute; and SC--Sierra Club. 


2. Various documents which are out of sequence in the record can be found in 
Volume 5 of the record. 


3. Many of the documents cited had attachments and enclosures far to numerous 
for inclusion in this summary listing. Reference to the record itself is 
required for a full picture of the extent of the record on any particular 
topic. Some insite into the extent of supplements to any one document can be 
gained by checking the number of pages indicated for that document. 


EN (438 


ud 


VOLUME — DOC. NU. DATE DECUHIENT PAGE NU. 
1 1 12-85 KNF--Draft Environmental Impact ] 
Statement (LEIS) 
2 12-85 KNF--Appendix to DEIS 199 
3 05-86 KNF--Final Environmental Impact 487 
Statement (FEIS) 
4 09-86 KhF--Addendum to Appendix G of 909 
FEIS 
5 09-22-56 KNF--Transmittal letter for FEIS 913 
and Recora of Decision 
6 09-26-86 KNF--Record of Decision for FEIS 915 
2* 7 11-06-86 William C. McDowell to KNF 943 
--Protest 
8 11-09-86 Ellen R. Kansen to KNF 946 
--Protest 
9 11-09-86 Bradford S. Cheff to KNF 948 
--Protest 
10 11-10-86 Hopi to KNF--Notice of Appeal 950 
and Statement of Reasons 
ap] 11-14-86 RF to EFK--Granting Intervention 955 
Request 
12 11-17-86 KNF to HAV--Receipt of Notice of 957 
Appeal 
13 11-17-66 KNF to Hopi--Receipt of Notice of 959 
Appeal 
14 11-17-86 KNF to AWF--Receipt of Notice of 961 
Appeal 
15 11-17-86 KNF to Sierra Club Legal Defense 963 
Fund--Receipt of Notice ot Appeal 
16 11-17-86 KNF to RF--Forwarding Appeals and 965 
listing of Request for Stay and Oral 
Presentation 
7 11-26-86 KNF to RF--Forwarding EFN Requests 967 
for Intervention 
18 11-24-86 KNF to RF--Explanation of Appeal 982 
Period 
19 11-25-86 KNF to RF--Timeliness of Sierra Club 985 
and Garrison Lee Statement of Reasons 
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2 20 11-25-86 KNF to RF--Request for Consolidation 988 
of Appeals 
= 21 12-01-86  KNF to DR--Outline of 990 
Responsibilities 
22 12-01-66 KNF to HAV--Response to Request 992 


for Information 


23 12-03-86 RF to Canyon Under Siege 994 
--Timeliness of Appeals 


os 24 12-09-86 RF to KNF--Consolidation of Appeals 1002 
25 12-09-86 RF to FOR--Response to letter of 1005 

11-26-86 
26 12-09-86 RF to SCLDF--Timeliness of Appeal 1007 


and Statement of Reasons 


27 12-10-86 RF to Chief--Responsive Statement 1009 
to AW 
28 12-12-86 EFN to KNF--Hydrogeology responses 1011 


to Comments of TL] and AW 


29 12-12-86 EFN to KNF--Hydrogeology Response 1017 
to FOR Appeal 


30 12-22-86 HAY to RF--Appeal of Partial Stay 1027 
- and Request for Stay 


31 01-26-87 KNF to RF--Request for Extension 1133 

32 01-29-87 RF to KNF--Response to Extension 1135 
Request 

33 01-30-87 HAY to RF--Explanation of Extension 1137 

34 02-01-87 wm. McDowell and E. Hansen to 1140 


RF--wWithdrawal from Process 
35 02-04-87 RF to HAY--Explanation of Extension 1143 


36 02-09-87 RF to E.Hanson and Wm. McDowel] 1145 
--Seeking clarificaton on withdrawal 


37** 02-17-87 KNF to RF--Transmittal of Responsive 1147 
Statement and Exhibits 


38 02-18-87 KNF to HAY--Transmittal letter for 1474 
Responsive Statement 


39 03-04-87 Canyon Under Siege to RF--Reply to 1476 
Responsive Statement 


VOLUME DOC. NO. LATE DOC UME NT PAGE NO. 


2 40 03-06-87 HAV to RF--Request for Extension 1479 

> : "6 - oo: 4) 03-08-87 Ian Root to KF--Reply to Responsive 1482 
re ge Statement 

cope . 42 03-10-87 RF to HAV--Granting Extension 1485 

aE 43 03-10-87  EFN to KNF--Reply to Appeals and 1487 


Responsive Statement 


44 03-12-87 RF to the Record--Removal of 7 
E. Hansen and wa. McDowell as 
Appellants 

45 (Received) TLI to RF--Reply to Responsive 1713 


03-13-87 Statement 


46 05-15-87. EFN to KNF--Addendum to Reply to 1724 
Appeals and Responsive Statement 


47 03-23-87 HAY to RF--Request for Extension 1749 

48 03-26-87 RF to HAY--Granting Extension 1752 

49 03-30-87 Granting Additional Extension 1754 

50 04-07-87 HAV to KNF--keply to Responsive 1756 
Statement 

51 04-07-87 RF to KNF--Delegation of Authority 1787 

52 04-21-87 EFN to RF--Request for Oral 1789 
Presentation 

53 04-30-87 RF to EFN--Granting Request for 1792 


Oral Presentation 


54 05-07-87 SCLDF to RF--Yielding Oral 1796 
Presentation time to HAY 


55 05-08-87 HAY to RF--Attendance at Oral 1798 
Presentation 

56 05-08-87 EFN to RF--Confirmation Re: Oral 1800 
Presentation 

57 05-15-87 RF to Canyon Under Siege--Due Date 1803 


for Summary of Oral 
58 05-22-87 AWF to RF--Follow-up comments 1806 


59 05-28-87 HAV to RF--Supplemental Comments of 1813 
HAV (incl. transcript of Oral) 


60 05-28-87 Hopi to RF--Summary of Oral 1878 
Presentation 

61*** 05-26-87 TL1 to RF--Summary of Oral 1883 
Presentation 


VOLUME 00C. NO. DATE LOC UME NT PAGE NO. 


2 6z***** 05-26-67 EFN to RF--Submittal of 19 Gocuments 1687 
to the Record: (a) Transcript; 
(b) Analysis of Public Comment; 
(c) Selenium; (4) Archeology; 
(e) Air quality; (f) Hydrogeology; 
(g) Groundwater monitoring; (nh) EPA; 
(1) hydrogeology; (j) Hydrogeology; 
(k) Hydrogeology; (1) Radiological; 
(m) NPDES; (n) Summary of Oral; 
(0) Response to Summary and Transcript; 
(p) Procedural Appeal Record; 
(q) Procedural Decisioin of the Chief; 
(r) Article by Harold S. Coltory; 
(s) Groundwater). 


63 05-27-87 EFN to KF--Affidavit of Wayne A. 2568 
Seick 
64 05-29-87 EFN to RF--Affidavit of Robert C. 2577 
Euler 
‘ 65 06-18-87 Canyon Under Siege to RF--Support 258) 
a a ok of No Action Alternative 
a ee * &” Bs 4 
a We So mint 66 06-18-87 HAV to RF--Transmittal of Sierra 2583 
hn Se fie Gears Club, et. al., vs. Michael Penfold 
gfe OT eta woe ee 
Pg a’ 67 07-10-87 RF to HAV--Extension 2604 
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boc. NO. 
68 
69 
70 


7) 
72 


73 
74 


75 
76 
77 
78 


79 


80 
8) 


82 


83 
84 
85 
86 


87 
88 


89 


DATE 
10-06-86 
10-0 -86 
10-29-86 


11-06-86 
11-07-86 


11-07-86 


11-07-86 
\ 


11-09-86 
11-09-86 
11-09-86 
11-10-86 


11-16-86 


11-10-86 


11-10-86 
11-10-86 


11-10-86 
11-10-86 
11-11-86 
11-11-86 


11-13-86 
11-13-86 


11-13-86 


DOC UMENT 
Canyon Unger Siege to KkF--Appeal 
lan Root to Chief--Protest 


Chief to Ian Root--Receipt of 
Appeal 


wm. McDowell to Chief--Protest 


FOR to RF--Appeal, Stay Request, 
Statement of Reasons 


EFN to RF--Affidavits in the Event 
of an Appeal 


TLI to KNF--Notice of Appeal and 
Request for Stay 


AWF to KNF--Appeal 
Bradford Cheff to KNF 
E. Hanson to KNF--Protest 


EFN to RF and KNF--Affidavit 
of Muril D. Vincelette 


EFN to KNF--kequests for 
Intervention 


HAY--Notice of Appeal 


James Mahoney and Phyllis Hogan 
to RF--Appea) 


Hopi to KNF--Notice of Appeal and 
Statement of Reasons 


SCLDF to KNF--Notice of Appeal 
TLI to KNF--"Reason for an Appeal” 
EFN to RF--Affidavit of John Vaughn 


EFN to RF--Response to TL] Request 
for Stay 


ANF to RF--Request for Stay 


EFN to RF--Yoluntary Suspension of 
Activity 


EFN to KNF--Requests for Intervention 
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90 


91 


92 
93 


94 


95 


96 
97 


98 


99 


100* 


101* 


102 


103 


DATE 


11-14-86 
11-15-86 


11-17-86 
11-17-86 


11-18-66 
11-16-86 


11-16-86 
11-18-86 


11-19-86 


11-19-86 


11-18-86 
11-18-86 
11-20-86 
11-21-86 
11-21-86 


11-24-86 
11-24-86 


11-24-86 
11-25-86 


11-25-86 


DOCUMENT 


RF to EFN--Reply to EFN letter of 
11-13-86 


EFN to HAY--Response to Request to 
Suspend well drilling 


EFN to KNF--Requests for Intervention 


HAY to RF--Comments to EPA on 
NPDES 


EFW to RF--Memo in Opposition to 
Stay Requests 


EFN to RF--Affidavits of Brad L. 
Doores 


EFN to RF--Motions for Dismissals 


SC to RF--Statement of Reasons and 
Request for Oral Presentation 


EFN to RF--Correspondence re: NPDES 
permit 


EFN to RF--Memo in Opposition to 
Stay Request and third affidavit 
of Brad Doores 
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HEARING OFFICER: I'd like to call this 
hearing to order. Today is Thursday, February the 18th, 
1988, and the time is 7:20. The location is 219 East 
Cherry, Flagstaff, Arizona. 

This is a public hearing being held in 
accordance with Arizona Administrative Code 92@ 223 and 
Arizona Revised Statute 49.208, conducted by the Arizona 
Department of Environmental Quality for the purpose of 
obtaining comments regarding the proposed operation of 
Canyon Mine by Energy Fuels Nuclear, Incorporated. 

My name is Oleta Elliott and I am with the 
Department of Environmental Quality. I have been 
designated by the department to act as a hearing officer 
during the course of this public hearing, which is being 
held in regard to this proposed groundwater quality 
protection permit. 

It is my responsibility to act as a hearing 
officer for the purpose of securing public comment, both 
oral and written. 

Representing the department today or this 
evening, excuse me, is Miguel Santiago, environmental 
health specialist with the Office of Water Quality, the 
Water Permits Unit. 


To his left is Gary Ullinskey, Environmental 
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24 


25 


Health Program Supervisor, also of the Office of Water 
Quality. 

And the lady that is manning our sign-in desk 
is Helen Johnson. She's the administrative assistant with 
the Water Permits Unit. 

Our agenda at this point will be an 
introduction, followed by a program presentation, and then 
we will call for speaker slips at which time you will be 
allowed to comment. Following that we will have a closing 
of the hearing. 

There will be no question and answer period 
this evening. We have no representatives here from Energy 
Fuels Nuclear. We are here to take comments only. {If you 
wish to make a comment on this proposal, please fill out a 
speaker slip. This will allow everyone an opportunity to 
be heard and allow us to match the voice on the official 
record with its source. 

I will call individuals to present their oral 
statements only after having received a speaker slip. 
Members of the public may also submit written comments 
today or at a later time, but in no case later than 
February 25th, 1988, at 5:00 P.M. 

Written statements may be mailed or 
hand-delivered to the Arizona Department of Environmental 


Quality, Water Permits Unit, 2005 North Central, Suite 201, 
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Phoenix, 85004. Please be sure to sign the attendance 
sheets. 

The final decision will be made by March 25th, 
1988. Notice of the final decision will be available to 
you upon request. If you would like to receive notice of 
the final decision, we will need a name and address so that 
we can put you on a mailing list. 

There also will be an official transcript that 
will be available and we will make you aware of that 
address at a later time. 

I will now have Miguel Santiago make a 
presentation for the program, 

MR. SANTIAGO: Good evening, Ladies and 
Gentlemen. My name is Miguel Santiago and I work for the 
Department of Environmental Quality, Water Permits Unit. I 
welcome you to the public hearing for Canyon Mine. 

Public input plays an important role in 
the development of a final groundwater quality protection 
permit and I hope that you will take advantage of tonight's 
public comment period to express your concerns and 
recommendations regarding the groundwater permit for this 
facility. 

The facility file is currently available for 
review from 8:0@ A.M. to 5:0@ P.M., Monday through Friday, 


at the department located at 2005 North Central Avenue, 


Hl iach 


re 


“ oO Oo} od w 3) 


© 


© 


1 


11 


Le 


13 


14 


15 


16 


1? 


18 


19 


2e 


21 


22 


23 


24 


25 


Room 201, Phoenix. For more information you may contact 


the Water Permits Unit at 257-2270. 


The department has considered all data on site 


specific hydrologic, geologic and environmental factors of 
this project submitted in the notice of disposal form and 
additional information requested. 


Factors such as flood control measures, 


operating plans, water analysis of the regional aquifer and 


offsite springs, well data, will be available from the 
Department of Water Resources and exploratory logs will be 
reviewed by the environmental health specialist and 
hydrology staff of the department. 

Much of the data was presented in a draft and 
final versions of the environmental impact statement. The 
notice of intent to issue the groundwater permit was 


published for four consecutive days starting September 24, 


1987. The notice of intent was based on the finding by the 


department that the proposed Canyon Mine meets the 
definition of nondischarging facility and, consequently, 
will not adversely impact groundwater quality. 

Review of the submitted information has 
demonstrated to the satisfaction of the Water Permits Unit 
that the facility meets the criteria of no adverse 
groundwater quality impact found in R9-20-208, and I quote: 


"The facility or disposal system or both will 
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be or are designed and constructed such that there will be 
or is no migration of waste or pollutants either directly 
to groundwater or to the vadose zone or it will not dispose 
hazardous waste either directly to groundwater or to the 
vadose zone.” 

What I’d like to do now is give you an outline 
of the contents of Canyon Mine Groundwater Quality 
Protection Permit, describing briefly its parts and 
sections. 

In general, the groundwater permit addresses 
only the requirements that the permittee must follow 
pertaining to groundwater quality protection. However, 
storm water controls are part of the provisions of the 
permit. The permit is divided into five parts with 
corresponding sections. 

The first part of the permit addresses the law 
by which the permit is issued, the name and operator of the 
facility, its location, and the duration of the permit. 

Part II, titled Specific Conditions has five 
sections, which addresses the disposal and containment 
requirements, monitoring requirements and recordkeeping, 
contingency requirements, closure and post-closure 
requirements, and compliance schedule. 

The disposal containment requirement states 


that the facility will be designed, constructed and 
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maintained such that there will be no migration of waste or 
pollutants either directly to the groundwater or into the 
vadose zone. 

To meet these requirements, the operator will 
construct a lined impoundment to contain all water pumped 
from the underground mine and all runnoff from the mine 
operations area. Any surplus mine water encountered during 
mining operations will be collected in the mine sump, and 
pumped to the surface into a lined impoundment. 

The 11.2 acre foot impoundment will be lined 
with a durable sunlight resistant flexible synthetic member 
liner, and a minimum three feet of freeboard will be 
maintained during operation of the impoundment. 

The ore extracted from the mine will be piled 
on storage pads constructed of crushed and compacted 
limestone and/or shale not less than one foot thick prior 
to the transport to a processing plant in Utah. 

These pads will be sloped towards the edges, 
and a runoff collection structure will be constructed to 
ensure that all runoff from the ore piles will be diverted 
to a lined impoundment. 

Total depth of a mine workings will not exceed 
150® feet below the land surface. Storm water diverting 
structures will be constructed to control water from no 


less than a 50@ year 24 hour storm event. Sewerage will be 
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disposed by means of a septic tank, leach field systen. 
Monitoring will be conducted in three phases. 
Phase one, pre-mining monitoring, will 
determine the ambient groundwater characteristics, so that 
maximum groundwater limits for each sampling parameter can 
be established. This will include pre-mining monitoring of 
all the regional aquifer by means of a water supply 
monitoring well and sampling of the Havasu Springs, Indian 


Garden Springs and Blue Springs. Water producing zones 


shall be monitored in the shaft during shaft sinking. 

Phase two will be implemented during the 
mining phase. The purpose of monitoring during the 
mining phase is to determine what impacts, if any, the 
operation is having on the groundwater quality. This 
includes discharge monitoring of the septic system 
effluent, pond monitoring to inspect mechanical damage, 
seam failure and maintenance of freeboard, groundwater 
monitoring, mine inflow monitoring and springs monitoring. 

The Phase III, post-closure monitoring, is to 
determine the effectivenecess of the mine closure 
activities. 

Comments received during the internal-— 
external review of the draft permit have indicated that a 
longer post-closure monitoring term would be more 


appropriate. Therefore, we're proposing a long-term 
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post-closure sampling program to last at least fifteen 
years with semi-annual sampling of the on-site supply 
monitoring well and the spring mentioned earlier. 

The permit also contains contingency 
requirements which specify the requirements and procedures 
the permittee must follow in case of excedance of the 
maximum groundwater limits, violation of the pond operator 
requirements or failure of the septic system. 

A notice of public hearing was published on 
December 25, 1987, scheduling this public hearing for 
January 21, 1988. However, due to reasons beyond our 
control, the notice was published for only one day. We 
then decided to public the second notice for the required 
four days starting January 21, 1988, scheduling the hearing 
for tonight. 

After the close of the public comment period, 
the rules allow the department 30 days to consider all 
formal recommendations and make a determination on any 
permit action. 

During this period a responsiveness summary 
will be prepared which will address to all the oral and 
written comments presented. A copy of the responsiveness 
summary will be sent to each individual who presented 
formal comments. 


Based on the testimony presented here, and on 
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the written comments received, the department will make a 
decision on whether to issue or deny the permit. 

I'd like to say to that the department will 
take into consideration all of the comments presented 
tonight and any other written comments sent to the 
department's Water Permits Unit by Thursday, February 25, 
1988. 

Thank you very much for your attention. 

HEARING OFFICER: I have received the 
following speakers slips: Frank Findlay, Kirk Bastian, 
Karen Benthien, Jacques Seronde, Pam Adams, Bob Lippman, 
Nancy Zierenberg, Rod Mondt, Max Strumia, Julie Hirsch, and 
Dan Dagget. 

Are there any others? 

Everyone who wishes to speak will be allowed 
to do so. Although everyone may speak, please try to avoid 
repetition. Never hesitate to express your support or 
opposition to earlier statements. All we ask is that you 
not reiterate entire statements made by preceding speakers. 

We may interrupt you with questions while you 
are talking. Do not interpret an interruption as a 
criticism of your comments. It is the only way we have to 
clarify your position for the record, 

Please limit your comments to no more than 


five minutes. We do have quite a few comments this evening 
10 
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so we would like to try to keep it down to five minutes if 
at all possible. I'm going to ask you to come to the 
podium, to the microphone, that we can keep an accurate 
record and get a good transcript of what is being said. 

So, let's see, our first speaker will be Mr. 
Findlay. 

MR. FINDLAY: Thank you. My name is 
Frank Findlay. I live at 675 Slayton Ranch Road, Flagstaff, 
Arizona, which is about seven and a half miles east of 
here. I am a registered civil engineer in the state of 
Arizona, being registered since 1965. 

I'm a graduate of the University of Arizona. 
I have worked for both the public sector and private 
sectors in various stages of civil engineering, including 
water supply, drilling of wells, water treatment plants, 
waste water treatment plants, transmission line, sewer 
lines. We also raised the dam in Colorado ten feet and 
enlarged the 35 acre lake accordingly. 

The comments I would like to make, it’s my 
understanding that the Canyon Mine site is going to be 
located approximately where the old Grand Canyon airport 
site was. I have hunted over in that area for 
approximately fifteen years. It is a limestone area. The 
limestone is permeable, very permeable. 


My objection to the site is that I feel that 
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they’re going to unnecessarily pollute the Havasu Springs, 
which is the water for horses, cattle, domestic use, 
swimming; the Indians swim in it, tourists swim in it. 4 
It's the sole water supply for the Havasu Indian Tribe. 

The Blue Springs, I believe, is between the 
two of them. It’s also used by hikers in the Canyon. bs 3 
it's polluted, they're going to end up glowing in the dark. 

Indian Garden Spring is an area that's used by 
the National Park Service, it's halfway up the south rim. 
Hikers, mules, llamas, which they're now using, will drink 
from this site. 

I think it’s very, very important that 
these folks look for a different site. There's many, many 
areas in the state of Arizona that they can get uraniun. 
This is not a good site. 

As far as septic tank goes, most septic tanks 
in my 26 years experience as a civil engineer, most septic 
tanks and leaching systems unload twice a year. The 
effluent coming out of the septic tank is worse than the 
influent going into it. To try to stop this from polluting 
groundwater is almost impossible. 

The only thing that is going to clean the 
thing up is the fact that you drop down maybe 1500, 2,000 
feet, hopefully Mother Nature will take care of the 


problem. But, I don’t think it’s worth, worth the risk. 
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As far as storm drainage goes, when the 
transmission line was built across the Canyon, from Roaring 
Springs on the north side of the Canyon to Indian Gardens, 
and I can't remember the year -- I'm getting to that 
dangerous age I lost a note -- it was washed out. The 
change order to fix that line cost more money than the 
original line. 

We do have flash floods in that country. It 
does -- a 500 year flood may or may not solve the problem. 
We have a bad habit in this state, especially down south, 
of having a 100 year storm followed by a 100 year storm, 
followed by a 200 year storm. There's no way that you can 
predict what's going to happen. 

In 1969, while I was employed for the city of 
Flagstaff as assistant city engineer, we had a rain storm 
that lasted four days in the middle, about this time of 
year. My plant operator asked me if he could take a 
package plant down and empty the contents from it so he 
could clean the fuses out. I said sure, I didn’t see any 
problem. This was in February. We had 2.5 billion gallons 
of water coming into the upper lake into Lake Mary. We 
floated that sewerage treatment plant. 

So, storm water in this country, and this 
country geology-wise, we had the best people in the 


business when we worked up on the mountain, San Francisco 
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Peaks from the Bureau of Reclamation. 

This country is all blown up 
geologically-wise, nobody can tell what’s going to happen. 
You can drill a well in one place and hit water, move 
5®@ feet and you hit nothing. 

To let these people -- issue them a permit, I 
think is courting disaster. There are many other sites 
that they can go get the uranium that are not going to 
pollute these spring areas that go into the treasury that 
we have in the state of Arizona, the Grand Canyon. 

Thank you very much. 

HEARING OFFICER: Thank you Mr. Findlay. 

The next speaker is Kirk Bastian. 

Is that the correct pronunciation, sir? 

MR. BASTIAN: Yes. Bastian. 

My name is Kirk Bastian. I live at 16 East 
Terrace Avenue, Flagstaff. What I’d like to talk about is 
monitoring of wells. 

First of all, monitoring by the operator. I 
do not understand why the Department of Environmental 
Quality is going to allow the operator to do all site 
monitoring. It’s totally unacceptable. Conflicting 
interest is involved here. And I feel that the need for 
an independent lab at cost to EFN should be implemented 


here. 
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As taking for the parameters, the test wells, 
that has to be also done by an independent agency. 

Several, as the site well, the location of it has not been 
specified in the draft. What is the location of this 
monitoring well in relation to the mine shaft, as far as 
the flow of underground water of the aquifer? Is it up 
above or is it below the flow? That’s not specified. 

As far as permit modification, there should be 
-- there's no statement of a public meeting per permit 
modification, which should be implemented in the draft. 

And permit should not be transferable at all. 

As far as -—- I could go page by page through 
this and find discrepancies through this whole thing. The 
draft is extremely vague and I don't understand how the 
department could let this even be used as a -- as anything. 

I just find it very disheartening that a state 
agency will allow something like this even to get out of 
its doors. This is totally unacceptable and I hope you 
deny this permit to EFN on the grounds that the aquifers 
that do exist around the site area is -- there's high cause 
of polluting and contamination. 

Thank you. 

HEARING OFFICER: Thank you, Mr. Bastian. 

Karen Benthien. 


MS. BENTHIEN: My name is Karen Benthien and I 
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live at 62@ 1/2 West Birch and I work with the Canyon Under 
Siege, a local environmental group. 

I also feel an independent monitor is 
necessary because the permittee has conflicting interest. 

I don't see how a mining company that has 
their own money interests at hand can be allowed to monitor 
their own sites. If an employee of EFN were to go and 
monitor a well and come back and report that, I really feel 
that, you know, their job would be at stake because of the 
money involved. 

I also read the draft permit and I think it's 
very vague, especially a certain area in here in the 
disposal containment requirements and facility water 
containment. It mention here six inches of fine grain 
bedding material underlining the liner shall consist of 
sandy material and shall contain no gravels greater than 
one quarter inch. 

A fine grain bedding material -- fine grain is 
clay. Clay does not contain gravel or one quarter inch 
pieces. 

There are so many contradictory statements in 
here, even a layperson can pick them out. I studied this 
for many hours, went through it. I'm by no means a 
professional, but I don’t see how when we're dealing with 


something as dangerous as uranium getting into the 
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groundwater, that we can allow something like to this to be 
sufficient. 

And I oppose the permit and I hope you look 
into this a lot more carefully. And if you do decide to 


give them the permit, I think a lot of modification is in 


order. 

Thank you very much. 

HEARING OFFICER: Thank you, Ms. Benthien. 

Jacques Seronde. 

Is that the correct pronunciation, sir? 

MR. SERONDE: Yes, ma’anm. 

I'd like to thank you for the opportunity to 
present my comments. My name is Jacques Seronde. I have 
been a resident of Coconino County for 19 years. I work as 


a natural resource planner for native tribes in the area. 

I've worked in the Painted Desert a lot and 
we've had alluvial wells contaminated by the Puerco spill. 
We are aware of it. We're also aware of the limitation on 
the present monitoring which is going on, as, for example, 
the lack of any monitoring for radioactivity in the main 
flow of the Colorado River. However there's a lot coming 
in from the Little Colorado at present. 

My comments, some of them are echoed the 
comments that have gone before. I'd like to go through 


them real briefly. 


|| ae 


St. 


Oo “J oOo oO & ie) iW) od 


© 


10 


pass 


12 


13 


14 


15 


16 


17 


18 


19 


2@ 


21 


22 


23 


24 


25 


One is, in general terms I think that your 
department really needs to be concerned by the history of 
uranium exploitation in this region. Everywhere the 
uranium has gone in, everywhere that the mining has gone on 
and the milling has gone on, there’s been essentially 
unmitigated environmental disaster following it. 

Puerco is an example, Cameron is an example, 
Moab, Utah area. 

I’m not that familiar with the Arizona strip, 
but I think that the record to-date has been very, very 
poor. It seems to me that you should at least consider 
cleaning up the damage from already occurring uranium mines 
and mills before considering taking on new ones. 

We’ve a lot of cleanup to do to clean up this 
area for our own children and our grandchildren, let alone 
dealing with the new mines which are proposing to permit. 

Again, I think that it’s the whole question of 
what are the short-term benefits as opposed to the risks 
of this operation. I myself am very leery about the fact 
that the company involved is not owned by, or not 
predominantly owned by American interests. I do not know 
what their own responsibilities to this community are. 

Again, the experience has been if there’s no 
responsibility to the community, if something does go wrong, 


they can leave and leave us holding the bag and our children 
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and grandchildren holding the bag, 

I agree very much with what's been said. You 
cannot give the coyote charge of monitoring the chicken 
house. It does not make sense. There is a very clear 
conflict of interest. We know over and over again that 
when in private corporate interests, when it’s in their 
interest to falsify documentation, records monitoring, they 
doit. 

I think that your department again, on behalf 
of the state of Arizona, the people of Arizona, really 
needs to take a real careful look at that. 

I ask also in terms of responsibility of the 
company, has any thought been given to what if? What if in 
fact the worst case does occur, that the containment pond 
does break, whether it’s a 500 year flood or 150 year 
flood. The fact is we only have about 8@ years 
precipitation records anyway. We have no idea what the 100 
year flood really could be, let alone the 500 year flood. 

I also have been here when in four days we got 
about eight inches of rain out in the Cameron area which is 
a much lower rainfall zone. When you combine the surface 
runoff from the 17 acre mine site, you add that to what 
they're pumping out of the ground, the possibility of 
overflow is really very, very high, it would seen, 


And certainly it doesn’t seem warranted to 
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take the risk, given the lack of information we have about 
the potential for 200 year flood, we don’t even know when a 
200 year flood could be. 

I'm not aware of any mention being made of 
disposal of the evaporated concentrated radioactive waste 
in the tailing pond. It seems to me that needs to be 
addressed, as we know nationwide and worldwide there’s no 
solution at present for the disposal of radioactive waste. 

I don't see why Arizona should continue to add 
to this problem, especially for the short-term benefit of 
people who are not from this area, and we who live here, 
and our children's children who live here, will have to 
pick up the tab. 

Another real concern which echoes what was 
said previously, it’s well-known that the geology of the 
region is very complex, the formations are highly faulted, 
the moving and migration of water between formations 
already happens to a great extent along fault lines. It's 
a very faulted area. 

They’re proposing sinking shafts through at 
least three different aquifers. No mention is made of how 
they're going to seal off these aquifers from each other. 

Everywhere where a uranium mine dewatering has 
occurred in the past, and I refer you to New Mexico, where 


they will never be able to clean up the mess caused by the 
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Nose Rock Mine, where dewatering has been going on for 
years. They managed to contaminate the largest aquifer in 
the area, the Morrison formations. 

Again, is it worth the risk? How much water 
-- do we have so much water that we can afford to 
contandiate it with something we'll never clean up? 

That’s basically what I had to say. I think 
that the key question is are the short-term benefits to a 
few people worth the long-term risk to the most precious 
resource that the people of Arizona have, which is their 
water which enables life in this desert. 

Thank you. 

HEARING OFFICER: Thank you, Mr. Seronde. 

Pam Adams. 

MS. ADAMS: Hi, my name is Pam Adams. 
I live at 216 Mogollan, Flagstaff. I’m a geology student 
with an emphasis on hydrology and a special interest in 
karst hydrogeology. 

What I'd like to do today first is thank the 
Department of Environmental Quality. I know it’s a new 
agency and I've never really seen an agency so concerned 
with getting the public interested in their programs. And 
your mailing is just wonderful and I wanted to commend you 
on that. It’s kind of a refreshing, you know, breath here. 


Okay. I have a detailed outline on the 
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permit, things that have bothered me about specific 
problems in the permit, and I don't really want to go into 
that today, except to ask a question. 

I've noticed several conflicts in the permit, 
and today when Mr. Santiago was going over his outline, in 
particular they said that the freeboard in this permit is 
going to be 2.2 feet. I heard you say that the freeboard 
is going to be three feet. 

Is the permit going to be rewritten? 

MR. SANTIAGO: Yes. 

MS. ADAMS: It will be rewritten again. 

MR. SANTIAGO: Yes. This is only a draft. 

MS. ADAMS: This is the draft. Okay. 

Great. Thank you for clearing that up. 

I guess my -- to just be general with the 
permit, my biggest problem with it is it that it's too 
general. They're not enough specific details. Many of the 
statements are ambiguous. 

And when it comes down to final analysis, it's 
going to be hard to prove fault or something. It’s going 
to be hard to -- the statements are going to be widely 
interpreted. 

One example ['1l bring up is in Part II, 
paragraph A-l-a. This in particular is referring to the 


enhanced evaporation technique. This -- what they say, as 
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I interpret it, if the company uses the enhanced 
evaporation technique, then they will not need this amount 
of freeboard. 

And if that that’s true, what incorporates an 
advanced -- enhanced evaporation technique. I think those 
methods that you're going to consider okay should be 
specifically listed there. 

I mean, does that mean if there's -—- the pond 
is frozen over and they chop a hole in it, that will be an 
enhanced evaporation technique? Because you don't state 
that. They can interpret that as widely as they want to do 
it. 

And there’s many places in the permit that I 
find that. I've specifically listed that and I hope you 
will go through that carefully. 

But what I really nea to talk about 
tonight is that I'm pretty disappointed in ADEQ for just 
blatantly taking EFN's reports and assuming them to be 
correct, 

I’m sure you’ve gotten the correspondence from 
many different widely reputable Arizona hydrologists and 
refuting some of the things that Montgomery & Associates 
came up with. No reflection on them, but they're working 
in real different terrains. Most of their work is down in 


Tucson. The aquifer is real granular. And they're 
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certainly the top of the field in what they do. 

But the Canyon Mine site is totally different 
hydrogeology. You have karst systems and I feel that they 
do not specifically look at these problems coming on in 
karst. 

And I think when you guys accepted their 
report, that you did it blindly almost. And you didn't 
look at, again, at their specific details with this 
Canyon Mine. 

And actually it kind of disappoints me because 
it seems, here you are this new agency and you’re going to 
try to keep Arizona aquifers clean, and yet you're falling 
into that same old game of just accepting it, you know, and 
not really questioning and scrutinizing the agency, the 
industry, and to make them really have to prove their point 
and to say, you know, okay we don't quite believe that, 
prove that to us, and you haven't really done that. 

I can think of a lot of examples of that in 
Montgomery’s report, certain assumptions that he makes; 
for instance, on how water will drain through the layers 
above and how the water will drain once it gets from the 
bottom of the mine shaft. 

These are assumptions which these other 
hydrologists have all pointed are pretty wrong, and yet you 


don’t even question that, you just accept what they have to 
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say. 
To just to kind of prove that point a little I 
brought a visual aid here. This is a map of a -- this is a 
map of a mine with Kaibab limestone. Not a mine, excuse 
me, a cave with Kaibab limestone. 
And you can see, which it’s a mature karst 


limestone, real similar to the red wall. You know, there 


may be slight differences. BaSi¢allly/iit"s!/al/lcavelisystem 


Can you see how integrated this is? In this 
area, here's the cave entrance and you can see, it just 
follows fractures, in the karst, you can see those 
fractures. 

Okay. In Montgomery's report they say they 
can put one monitoring well in here and they'll be able to 
detect any pollutants. Tell me how are you going to detect 
a pollutant that's over here and your well is over there? 

This is not a granular aquifer, you're not 
going to have a draw down and it’s not going to suck it up, 
like you may have an alluvial aquifer in Tucson. 

HEARING OFFICER: Miss Adams, excuse me for 
interrupting you, but could I get you to turn the 
microphone a little bit towards your face so that we can 


pick it up on the recording? 
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MS. ADAMS: There you go. 

HEARING OFFICER: Thank you. 

MS. ADAMS: So, what I wanted to show by this 
is to demonstrate that this is a very complex 
hydrologeology and you can’t just, you know, make general 
assumptions, that Montgomery has done, without lots and 
lots of research. They just haven't proved that at all. 

And I think those grounds alone are enough for 
denying the permit, at least at this point, until you get 
outside agencies, state or federal agencies, scientific 
agencies, to look at this and to really understand it. 

And then you can say, okay, it's going to be 
good or, okay, it’s not going to be good. Because 
when you're talking about leakage from the holding ponds, 
those holding ponds are for ten years of evaporations, 
they're going to contain not just uranium, but arsenic, 
boron, mercury, lead. There's lots of toxic stuff in there 
and it's not just the uranium that's going to be the 
problem. 

And it's, I mean, it needs to be something to 
consider. Because, the ADEQ, and I'm reading this from 
Title 49, Section 243, has to -- this is your 
mandate as you're developing these rules. 

You have to use the best available 


demonstrated control technology. First of all, If don’t 
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think that's particularly done this. This is real rote, 
traditional technology you're using and it’s not 
particularly emphasizing the protection of the aquifers. 

And you also have a mandate to study the site 
specifica hydrology and geologic conditions and other 
environmental factors. And I don’t think you've 
particularly done this in this case. 

This mine is really going to be a test case 
for lots of mines going through here. If the price of 
uranium comes up, Arizona is going to have a big problem 
with uranium mines. And I think you need to really look at 
this and study it and to not just accept the industry 
standards. 

I mean, here you are, these are some of the 
first cases that are coming up, and how is ADEQ going to 
respond to industry? Are they just going to take what they 
-- Oh, yeah, we hired people and they told us this is what 
it is? Or are you going to really look at this and study 
it, say, hey we don’t believe you. 

You know, this is your choice and I think that 
you need to demonstrate that the agency has some integrity 
and to look at this stuff carefully. 

And for this reason I think the permit should 
be denied right now. 


Thank you, 
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HEARING OFFICER: Thank you, Ms. Adams. 

MR. ULLINSKEY: Would you like to submit your 
written comments as an exhibit? 

MS. ADAMS: Yes, I do, my written comments. 

MR. ULLINSKEY: Yes. Thank you. 

HEARING OFFICER: Thank you, Ms. Adams. 

Bob Lippman. 

MR. LIPPMAN: I'd like to thank the committee 
for coming up here again, as Ms. Adams did. 

I only wish you could see more of the area, 
take a tour of Supai, the Grand Canyon and so forth. 

My name is Robert Lippman, I'm an attorney. I 
represent Friends of the Colorado River. And I’ve 
critiqued this issue for about eight years now. I've 
spoken at dozens of these hearings, so I'm somewhat 
unprepared this time. Usually I'1l throw a lot of laws out 
and bring in reams of maps and technical information. 

I think I'd like to just foolishly and 
rhetorically offer an analogy and a parable based upon a 
recent event in my personal live, that event being the 
devastating failure of a great personal relationship. 

For several months I’ve been living with a 
pain that's been analogous to the excavation of a human 
spirit and purpose. And upon reaching my heart, it 


released a torrent where it was previously thought that no 
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reservoir existed; the torrent of love but also of grieve, 
shame, blame, regret, guilt and despair, knowing that I 
may have destroyed what I love most. 

And if you don’t see the point, I'll state it 
clearly: That if we permit uranium mining at Grand Canyon, 
our predecessors, the commission, and the public interest 
sector, in the next 10, 2@ or 30 years, will be saddled 
with grief and regret and shame and guilt, that an eco 
system was poisoned by myopia and lack of perspective. 

As my heart was shaken to the core, the heart 
of the Grand Canyon and the Havasupai people, that heart 
being water, the sustainer of life, is being threatened. 
To the Havasupai, the people of the blue/green water, water 
is life. 

To every Arizona culture, from the Coconino, 
the Anasazi with their corn and bean patches, to Phoenicia 
with its Central Arizona Project, water is life in this 
fragile desert environmental. 

So, tonight we're asked to comment on this 
document which purportedly offers water quality protection 
from a mere 17 acre operation. Yet, we are looking at one 
tree and we are not seeing the forest. 


The true scenario which we have been trying to 


bring out for eight years now is that were are looking at a 


massive industrial assault upon the Grand Canyon 
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hydrological district, with its absolutely unavoidable 
cumulative and synergistic impacts to surface and 
underground water quality, in one of the most erratic, some 
believe erotic, and least understood hydrological systems 
in the U.S. 

I’1l defer to others, the civil engineers, the 
hydrologists working with the Sierra Club and the 
Havasupai, the technical issues. 

But on its face, this permit that you have 
issued a draft of, with its mere 700 foot buffer between 
excavation and aquifer, with its self-monitoring 
provisions, with its lack of bonding, its apparent lack of 
best available control technology and management practices, 
and the broad emergency waiver provisions written into the 
law, is insufficient and perhaps unconscionable under the 
circumstances. 

If there’s any repetition in my talk, I'd like 
to mention Mr. Findlay’s statement. We are courting 
disaster. 

I therefore recommend and urge that this 
department open its perspective, not inconsistent with law, 
and act on the obvious; that the department make formal 
recommendations to the Forest Service, the BLM, the BIA, 
the Park Service and the Arizona State Land Department, 


that considering the known underground and surface water 
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relationships, the known climatological record in this 
area, the great unknowns regarding the Grand Canyon 
district, karst terrains, that an interagency study team be 
assembled to prepare a cumulative, programmatic EIS on 
uranium mining in the Grand Canyon district, and that an 
interim emergency moratorium on water discharges and point 
sources be instituted pending completion of the federally 
based EIS. 

Like not paying attention to our hearts and 
the needs of love, if we don't truly pay attention to the 
environmental needs of this system and the people who 
interact with this system, we’ll some day soon suffer a 
torrent of regret and shame. 

Thank you. 

HEARING OFFICER: Thank you, Mr. Lippman. 

Nancy Zierenberg. 

MS. ZIERENBERG: My name is Nancy Zierenberg. 
I've come up from Prescott tonight to be here to represent 
the Prescott Avasitiee Chapter of the National Audubon 
Society. 

I have not read the draft permit. I was 
just given a copy tonight. We found it fairly difficult to 
get information in Prescott about this issue, specific 
information. 


I personally have written the Forest Service 


EU se Sec 


31 


Oo Wo 


o® 


© 


© 


1 


oie 


12 


13 


14 


15 


16 


Wd 


18 


19 


2e 


21 


22 


23 


24 


25 


and the BLM to get on mailing lists to receive any 
information pertinent to the mining activities going on 
around the Grand Canyon, and have not received one reply or 
any bit of information. I’d like that to go on record. 

The Prescott Audubon Chapter is very concerned 
about this issue, about the groundwater and surface water 
contamination, all parts of the issue. And we're doing our 
best to bring this to national attention. 

Based on all that, we would like to ask 
for an extension of the comment period so that we can all 
-- our chapter, can see the copy of the draft permit and 
comment correspondingly. 

Thank you. 

HEARING OFFICER: Thank you, Ms. Zierenberg. 

Rod Mondt. 

MR. MONDT: My name is Rod Mondt. I also came 
up from Prescott. And I'1l speak very quickly for Earth 
First. EFN knows us well. 

I must make some general statements just in 
that we haven't had a chance to review the draft at all. 
And I would like to reiterate a request for an extension to 
the draft, if possible. ' 

The only other thing that I would like to say 
is that there's been a lot of talk this evening about our 


children and our children’s children. And I think that we 
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also need to look at the mule deer’s children and their 
children and the bighorn and the burro and all of the 
entire ramifications of a possible worst case scenario, to 
not just human beings, but to all forms of life downstrean. 

I believe that if the worst case did happen, 
that it would forever impinge on the integrity, the beauty 
and the diversity of the Grand Canyon eco system. 

And I don't believe that there is any way that 
if that water were polluted today, that you could clean 
that up in the foreseeable future. We do not have that 
technology and it's -- it’s too close to our hearts. 

Thank you. 

HEARING OFFICER: Thank you, Mr. Mondt. 

Max Strumia. Is that correct? 

MR. STRUMIA: Yes, that’s correct. 

My name is Max Strumia. I've been 
living in Flagstaff for about three years. 

You have to forgive me if I repeat anything. 
There's a lot that has to be said. 

I'd like to say that the permit is 
unacceptably vague, it allows for too much leeway. The 
title I believe is the Groundwater Quality Protection 
permit, not an Energy Fuels Nuclear protection permit. 

No organization can be given reign to monitor 


their own activities when these activities can permanently 
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pollute the water shed. It seems to me that it’s a 
conflict of interest. 

I have some complaints and some questions. I 
realize my questions won't be answered this evening, but 
I'd like to state them for the record. I'd like to do it 
by section. I hope I get all the subsections and letters 
straight. 

I'd like to start with Section II A.l.a., 
which states that -- it talks about a lined impoundment and 
six inches of fine grain bedding material underlying the 
Liner shall consist of sandy material and shall contain no 
gravels greater than a quarter inch. 

A quarter inch is big. If the liner fails, 
quarter inch gravel won’t hinder the flow of any kind of 
contaminates at all; it's just too big and too porous. 

Furthermore, in the sentence preceding that it 
says, "The liner shall be constructed of synthetic material 
equivalent to 36 mil Hypalon.” 

What I’d like to know is if that actually will 
be constructed of 36 mil Hypalon or some other material 
that is just equivalent to it, and whether that material is 
subject to chemical degradation, photo degradation, whether 
activities at the mine will cause solvents or gasolines or 
motor oils to be dumped into the lined impoundment which 


would cause it to break down. 
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I don't feel that any of that has really been 
addressed too well. I mean, who's really going to monitor 
all the miners all the time. 

Okay. I realize that has nothing to do with 
the, or very little’ to do with groundwater protection 
permit, but nilbectie tees it's a question I would like to 
see answered. 

Furthermore, when we come to the question of 
freeboard, which has been mentioned before, it states 
that the operator shall maintain minimum of either three 
feet or 2.2 feet, I'm not sure which, of freeboard. 

Then later on it says that enhanced 
evaporation technique shall be allowed as an alternative 
for controlling water level in the impoundment. 

Does that mean that no freeboard will be 
required, if they use enhanced evaporation techniques? 

Does that also mean that Energy Fuels, and I 
assume the Department of Environmental Quality, are 
expecting more water than the impoundment can handle? 

The next, section that I'd like to address is 
section c atrectifite ow it, which has a reference to a 500 
year, 24-hour piue iatiet Loc Went. 

I’d really Lie to know how many cubic feet 
of water constitute a 500 year, 24-hour precipitation 


event, and will Energy Fuels Nuclear prepare for it as well 
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as they did at Hack Canyon in 1984. 

I've been told -- I've been told that the 
method for estimating these flood events is called the 
Roskey Methad. I'm not a hydrologist, however I've been 
told that the Arizona Department of Transportation has 
rejected that same method. I'd like to know why the 
Department of Environmental Quality uses that method to 
estimate the floods, excuse me, precipitation events. 

The next section, section II A.6, it’s called 
Modification, I'd really like to know exactly what 
modifications we are talking about. Will they be made 
public and subject to public approval or at least public 
comment? Or will they be kept confidential? 

There is a confidentiality clause much later 
in the permit, that states, where are we here, subsection E 
the facility owner or operator has shown the disclosure of 
the information is likely to cause harm to its competitive 
position. 

: I mean, is this a competitive position 
protection permit or a water protection permit? I'd like 
to see that clarified. 

And then I have a whole bunch of questions on 
monitoring. From what I can read, there’s three phases of 
monitoring: A pre-mining, during mining and a post-mining. 


The pre-mining consists of defining what is 
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the ambient groundwater characteristics for a whole list of 
parameters. The definition is that ambient groundwater 
shall be defined as arithmetic mean plus two standard 
deviations of the chemical concentrations for each 
parameter, 

I'd like to know why that plus two standard 
deviation is included, It seems to me that that allows for 
a tolerance that would be considered little too great if 
you're trying to limit the impact of these pollutants. I 
mean, if you started a certain average and had a tolerance 
of plus or minus four, for instance, then that means that 
you could have four times the amount of pollutant in the 
groundwater before it’s considered harmful. 

I'd like to see, if this is truly a protection 
permit, I'd like to see a much tighter standard deviation 
for measuring purposes. 

In that same section, the regional aquifer 
shall also be sampled at three springs: Havasu, Indian 
Garden and Blue Springs. The springs shall be sampled 
during flow periods at least once a year. 

Correct me if I'm wrong, but don't flow 
periods dilute anything that's in there? Once a year is 
ludicrous because it's after the fact. What good does it 
do to monitor a spring once a year when it might have been 


contaminated for six months previous? What's going to stop 
37 
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people, animals from drinking from that spring if you only 
monitor it once a year and don’t find out until much later 
that it isn’t decontaminated? 

Let me see here. There's a lot more. I will 
try to be brief. 

The post-mining monitoring phase, section @ 
under that, the sampling can be discontinued when the 
sampling location is no longer accessible. I guess that 
means in the wintertime or when it’s muddy. 

Or when the average concentrations of all 
parameters are less than or equal to the maximum 
groundwater limit plus two standard deviations. Under 
that, any individual concentrations that exceed the 
pre-mining mean concentration plus four standard deviations 
shall be rejected as anomalous and not used for calculation 
of blah blah blah blah blah. 

I'd like to know why a higher reading than 
normal would be considered anomalous. I'd like to know why 
plus four standard deviations is used. That seems to me 
that you have to have an incredibly high reading twice ina 
row before anyone does anything about it. 

Now, that's after the mine would be closed. 

It really is inadequate, because it seems to me that if you 
are a hydrologist trying to get to the bottom of why a mine 


contaminated an area, that if you got a reading that was 
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high, you should follow it up and do more tests as opposed 
to rejecting it as anomalous. 

I can see not putting all your eggs in one 
basket and saying that one reading would be too little to 
do anything about, but I think you should do more than one 


before you reject it. 


Furthermore, the self-monitoring report forms 
that EFN would submit for each quarterly monitoring period 
are not due until 60 days after the end of the quarterly 


period. 


This again is after the fact, because what can 
you do about contamination when you don't know about it 
until 60 days later? Then I assume that even though they 
might hand it in 60 days later it would take, I don’t know, 
as much as a month of lab time before the results are 
assessed. That comes to 90 days after the fact. The 
contamination can spread very quickly. 

I'd like to see the monitoring happen once a 
month, with the self-monitoring report forms due at the end 
of each month, and that information made public the minute 


it comes back from the lab. 


There's another couple of things I have here 
and the list of parameters —— 
HEARING OFFICER: Mr. Strumia, are you going 


to take much longer? 


LD cmp 


39 


i) ao oa Pr WwW t la 


& 


© 


10 


pisk 


12 


13 


14 


15 


16 


17 


18 


19 


2@ 


21 


22 


23 


24 


25 


MR. STRUMIA: I can actually end right now. I 
have written comments I can submit that would do all 
this. That's fine. 

HEARING OFFICER: Okay. It’s just that you've 
exceeded your time by double. 

MR. STRUMIA: That's fine. Thanks for 
listening. 

HEARING OFFICER: I was just going to ask if 
you would be willing to defer until the end of the comment 
period to give someone else a chance to make some comments. 

MR. STRUMIA: Sure, thanks. 

HEARING OFFICER: Okay. Thank you. 

Julie Hirsch. 

MS. HIRSCH: My name is Julie Hirsch. I live 
at 8@2 West Cherry. I'm presently a graduate student at 
NAU in water micro biology. 

Most of what I prepared to say has been said 
once, twice, or more times. Some general comments that I 
would like to reiterate. 

I feel it’s borderline, possibly would be 
irresponsible, to okay a permit like this that is so vague 
in so many respects and needs so many more specifics given. 
We've had examples of that all evening. 

I feel very strongly, and my first reaction 


was that they not be allowed to do their own monitoring, 
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that an independent monitoring agency be employed for this 
mine. 

I also think it might be a good idea, once 
this permit is rewritten, to have an independent board of 
hydrologists review it and to take that review into 
account as you danse whether to deny or approve this 


permit. 


I know of -- that there are several prominent 
hydrogeologists who have comments on this permit and feel 


that sections of it are inadequate. 


And I do -- I was very glad to hear that after 
hearing comment you decided that the post-mining monitoring 


needed to be extended. I think that is a step in the right 


direction and I hope we see a lot more of it after this 


comment period is over. 


There is one question I would like to ask that 


I think has been addressed to the Department of 
Environmental Health. That is: If EFN was not drilling a 
production mine, well, production well, would they -- and 
they were using surface waters, would they be required to 
drill a well for monitoring purposes to spend the extra 
money? 

I would like an answer to that question, 


because if the answer is no, that implies to me that 


Department of Environmental Health does not think that this 
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operation is dangerous. 

I think most of the technical examples of 
specifics that need to be further addressed have already 
been mentioned tonight. I don't think there are really 
any more that I need to address here. 

One thing that I would like to know, and this 
may -- information may have already been compiled, is when 
the baseline water characteristics were determined, was the 
site already disturbed, or was the site not disturbed when 
you did the baseline water quality characteristics? 

What I’m worried about is if the -- if the 
baseline analysis was done after the site had been 
disturbed, are you comparing everything to values that are 
not valid, which would scew all of the analyses. 

I think that’s all I have. Thank you. 

HEARING OFFICER: Thank you, Ms. Hirsch. 

Dan Dagget. 

MR. DAGGET: I'm Dan Dagget. I'm from 
Flagstaff. I’ve lived here eight years, and for most of 
those eight years I’ve been dealing with uranium mining 
around the Grand Canyon. 

One of the first things that I got involved in 
when I came here because of my concern for this project and 
the eight other mines that we should be considering here 


tonight because they are also in danger of polluting the 
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groundwaters of the state of Arizona, and as far as I know, 
there has been no hearing such as this for those mines. I 
wonder why. 

These mines have been very controversial. I 
haven't been the only one that’s been raising my voice in 
opposition to the way that they've been treated by the 
federal government, and now by the state of Arizona. 

And I'ma bit surprised at the permit that we 
see here tonight because it is so lax and so general and so 
easy to be shot full of holes by just a bunch of lay people 
with no real expertise on the subject. 

But I think it's been shot quite full of holes 
tonight. Full of holes enough that I think it shouldn't be 
approved. The permit should be denied. 

The studies that Pam Adams and Bob Lippman 
mentioned should be started and completed before we go any 
further with any of these mines. I support Lippman's call 
for moratorium on mining, a moratorium on opening any more 
point sources around the Canyon. 

I support his call, as I have since 1981, for 
an area-wide study documenting the possible effects of this 
kind of development around the Grand Canyon. The eight 
mines that are north of the Canyon in one stage or another 
of either being closed or opened, we might be told that 


they’re separated from this one by the Grand Canyon. But 
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they're also brought together with this one or connected to 
it by the Grand Canyon. 

I regret that the Havasupai aren’t here 
tonight to express their concern for the springs that rely 
on for their life blood that stands to be polluted by this 
development. 

I've had experience with water pollution in 
situations similar to this where we can of crevices or 
cracks that can lead water long ways to aquifers, isolated 
by great distance with great speed. I think that they -- 
they have every right to be concerned about the source, the 
only source of water for their village and their nation in 
Havasu Canyon. 

We're told that uranium mining is -—- is 
subject to the law of supply and demand. Well, so is what 
you do. And tonight you've heard the demands of the people 
who spoke here for adequate protection for the groundwaters 
of the state of Arizona. We all wait to see if you'll 
supply that protection. 

HEARING OFFICER: Thank you, Mr. Dagget. 

Bruce Bennett Green. 

MR. GREEN: Yes. Thank you. I’d like to 
thank the committee for coming up, and my name is Bruce 
Bennett Green, my address is 412 South Buford. 


As a 22 year resident of northern Arizona and 
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someone that's done over 300 miles of hiking in the Canyon 
over the years to my credit, plus a summer of working at 
the Grand Canyon during which I wasn't able to do much 
hiking. 

But I kind of ask the liberty of my friends 
that are here to quote a friend of mine, and a feeling she 
expressed for the Canyon. And I'd like us all to kind of 
close our eyes and think about what you're favorite place 
is, be it maybe the deserts outside of Tucson, or the 
skiing up in the snow on the Peaks, or maybe it’s down in 
Oak Creek Canyon. 

When I did this at Mary's request, I dreamed 
of Havasupai Creek. As a Vietnam veteran, one of the most 
-- some of the different graffiti on my helmet, Havasupai, 
paradise on earth. And I managed to smuggle that helmet 
home. And the only graffiti legible amongst all of it is 
Supai, paradise on earth. And I have a display in my 


living room, baskets made by currently an 82 year old 


basket-maker who I was privileged to see again last summer. 


And I cannot emphasize enough the feeling that 


so many of us have here for the protection of the Canyon, 
the Havasupai, and our Colorado plateau. 

I am one of eight that were arrested last 
March up at the Canyon protesting this mine. Three 


others are in this room with me. If they'd like to stand, 
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I'd like to welcome them. There are others here too that 
are willing and again would put their money, their 
commitment, on-line to face arrest. 

But we feel that this mine cannot be 
developed. 

Another thing, too, the Havasupai consider the 
space around the mine site area to be the belly of 
Mother Earth. According to Havasupai mythology, 
legend, the mesa to the southeast of the mine 
site area is the navel of the world. 

It may be. What do we know how the earth is 
interconnected? 

Qur records have shown we just have done a 
real good record of screwing it up over the years and I 
don’t think we need to screw it up any further. And I ask 
you guys to deny this permit, please. 

Thank you. 

HEARING OFFICER: Thank you, Mr. Bennett 
Green. 

At this time, I'd like to call for any other 
additional speaker slips. 

I have one more, Mark Warden, Is that 
correct? 

MR. WARDEN: That's right. 


HEARING OFFICER: Okay. And also, Mr. 
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Strumia, did you have something else you wanted to say? 

MR. STRUMIA: No, not at all. Thanks. 

HEARING OFFICER: Are you sure? 

MR. STRUMIA: Yes. 

HEARING OFFICER: Okay. 

All right, Mr. Warden. 

MR. WARDEN: Yes. I apologize for arriving 
late. I have a business to support, so I got here late and 
I may be repeating some of what has already been said. 

But I would like to say that it seems to me 
that the Department of Environmental Quality’s first 
purpose is to protect the public health, to ensure the 
quality of an aquifer should be paramount of importance. 

I think Energy Fuels Nuclear thinks we must be 
quite foolish just to present the document they presented 
us with, because there are many, Many, many holes in ways 
that they can work around it. To ask Energy Fuels Nuclear 
to monitor themselves is totally unacceptable. 

We are asking that an independent company 
monitor the mine site, the test well and the surrounding 
springs. 

Further we are asking for a tentative and 
realistic schedule of Department of Environmental 
Qualitiy’'s spot inspections, preferably four times a year 


or more. 
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This permit is vague beyond comprehension. I 
really could not believe it when I read it. We're asking 
for a new, complete and very specific permit and a new 
public hearing to test its validity. 

But, instead of offering a permit good for 
fifteen years, that it be subject to a five-year review, at 
which time the mining activities will be halted while DEQ 
and an independent monitor test the site and the 
surrounding areas. 

Furthermore, if any future modification be 
done to the mine site or surrounding areas, that it cannot 
be done without another public hearing. 

I welcome the public hearing. I'm so 
encouraged to see it and I really thank you for having it. 
The seriousness of this hearing is obvious. Do not 
underestimate it or your responsibility in it, or our 
responsibility in it. 

Thank you for your time and consideration. 

HEARING OFFICER: Thank you, Mr. Warden. 

At this point do we have any other speakers, 
anyone else who wishes to speak on this issue? 

MS. BENTHIEN: I would like to make an 
additional comment. 

HEARING OFFICER: Yes, Ms. Adams? 


MS. BENTHIEN: No, Ms. Benthien. 
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HEARING OFFICER: Sorry. 

MS. BENTHIEN: I once heard a Havasupai elder 
state, when we were talking about the Canyon Mine and the 
holding ponds and all that, he said: "I saw a flood come 
down Havasu Canyon, it washed houses, it washed people, it 
washed everything down Havasu Canyon.” He said, "If it can 
move houses, there’s no holding pond that’s going to hold a 
fleod.” 

And I just wanted to say that for the 
Havasupai. Thank you. 

HEARING OFFICER: Thank you. 

I urge you again to submit written comments. 
We will accept comments received by 5:00 P.M., February 25, 
1988. You may mail or hand-deliver them to the Arizona 
Department of Environmental Quality, the Water Permits 
Unit, 2005 North Central, Suite 201, Phoenix, 85004. 

Any telephone inquiries may be directed to 
Miquel Santiago at 257- 6806, 

I’d like to thank you for attending the 
hearing tonight. Your interest is greatly appreciated. 

The time is 8:30, the 18th day of February, 1988. 


This public hearing is now adjourned. 
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I HEREBY CERTIFY that the proceedings had upon 
the foregoing hearing are contained in the shorthand record 
made by me thereof, and that the foregoing 49 pages 
constitute a full, true and correct transcript of said 
shorthand record, all done to the best of my skill and 


ability. 


DATED at Phoenix, Arizona this@ day of 
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DEPOSITION OF RON MILLER, Ph.D., 


commenced at 9:12 a.m. on January 6, 1989, at the Law 
Offices of Perry, Pierson & Kolsrud, 3636 North Central 


Avenue, Suite 500, Phoenix, Arizona, before Shari Fain, a 


Notary Public in and for the County of Maricopa, State of 


Arizona. 


APPEARANCES: 
For The Havasupai Tribe: 


PERRY, PIERSON & KOLSRUD 
By: Russell A. Kolsrud, Esq. 


For The Arizona Department of Environmental 
Quality: 


ATTORNEY GENERALS OFFICE 
By: James T. Skardon, Esq. 


For Energy Fuels Nuclear, Inc. 
RYLEY, CARLOCK & APPLEWHITE 


BY: George Read Carlock, Esq. 
Norman D. James, Esq. 


NIX & ASSOCIATES 


STIPULATION 


IT IS STIPULATED by and between counsel for 

the respective parties hereto that the deposition of 
RON MILLER, Ph.D., 

may be taken on oral interrogatories before Shari Fain, a 
Court Reporter and Notary Public in and for the County of 
Maricopa, State of Arizona. 

IT IS FURTHER STIPULATED that the deposition 
is taken pursuant to Arizona Revised Statutes, 1970, 
relating to the taking and returning of depositions for 


use in the Courts of the State of Arizona; that the 


deposition was submitted to the witness for reading and 


signing; and that notice of filing and other formalities 
required by law for the taking and returning of said 


deposition are waived. 


NIX & ASSOCIATES 


Phoenix, Arizona 
January 6, 1989 
9:12 a.m. 

RON MILLER Ph.D., 


called as a witness herein, having been first duly sworn, 


oath, was examined and testified as follows: 


MR. CARLOCK: Before you get started, I'd 
like to make a statement for the record, please. 
Energy Fuels Nuclear, Inc., which is a party 


to this proceeding, objects to the taking of this 


deposition because it appears that it is intended as a 


discovery deposition, and the Arizona law that happens to 
be applicable to the proceedings, does not provide for the 
taking of a discovery deposition. 

On the other hand, if it is intended as a 
substitute for the witness' attendance at a hearing, there 
has been no suggestion of that made in the record nor has 
there been any showing yet made that the witness can't be 
at the hearing, therefore, for the record, we object to 
the taking of this deposition. 

MR. SKARDON: On behalf of the Department of 
Environmental Quality, I'll join in that objection. 


(Examination on following page.) 
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EX A.M I. NST i ON 
BY MR. KOLSRUD: 
Could you state your name? 
Ronald L. Miller. 


You have a Ph.D.? 


In what? 

Chemical engineering. 

You issued a permit to Energy Fuels Nucle 
Inc, a Groundwater Quality Protection Permit, on May 1 
of last year, is that correct? 

A. Yes. 

Os And Mr. Brad Doores, D-o-o-r-e-s, also 
executed, at least signed, the permit on behalf of Ene 
Fuels. Do you recall that? 

A. 

Q. Do you know him personally, outside this 
particular permit process? 


A. No. 


ar, 


3th 


rgy 


Ol. At the time you issued the permit, were you 


aware that the State Land Department had denied Energy 

Fuels mining leases on two other sites on the Coconino 

Plateau for the mining of uranium? Did you know that? 
MR. SKARDON: Object to the question and 


direct the witness not to answer. 
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My objection is pursuant to Grimm, G-r-i-m-n, 
versus Arizona Board of Pardons and Appeals, Rule 115, 
Report 260. 

You are not entitled to obtain discovery 
regarding the process by which Dr. Miller reached his 


conclusion to issue the permit, including the manner and 


extent of his study of any record before him. 


Your inquiry is limited to discovery of the 
information, documents, and reports which were before Dr. 
Miller when he made his decision. 

(Exhibit No. 1 marked for identification.) 

Q. BY MR. KOLSRUD: Dr. Miller, I'm going to 
hand you what has been marked as Exhibit 1 to your 
deposition. 

Would you take a look at that document and 
tell me if you can identify it. 

A. I ecan*t identify it. 
O« Okay. Now, let's go back to my prior 
question. 

The State Land Department issued an order 
denying Energy Fuels mineral leases on two parcels on the 
Coconino Plateau. 

Were you aware of that at the time you made 
your decision to issue them a permit? Are you going to 


answer that question? 
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MR. SKARDON: Go ahead. 
THE WITNESS: I was not aware of that. 
Q. BY MR. KOLSRUD: All right. Are you aware 


that the only source of domestic drinking water for the 


Havasupai Tribe comes out of Havasu Springs? 


From what I've read and heard, yes, I'm aware 


Are you aware that all the ground and surface 
water on the Coconino Plateau, west of the San Francisco 
Peaks, drains into Cataract Canyon? 

A. No, I'm not aware of that. 
Q. Do you believe that to be true? 

MR. SKARDON: I object on the basis of the 
Grimm case and direct the witness not to answer. 

Qe BY MR. KOLSRUD: Are you going to answer the 
question? 

MR. SKARDON: I've directed him not to 
answer. 

MR. KOLSRUD: I know that's what you said. 

03 BY MR. KOLSRUD: Are you going to answer my 
question? 

No. 

You refuse to answer the question? 

Yes. 


Are you aware that if somehow Havasu Springs 
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gets polluted by mining or anything else, the Tribe 


probably can no longer exist down there in the Grand 
Canyon? 


MR. SKARDON: Object to the question and 


direct the witness not to answer, based on the Grimm case. 


Oy BY MR. KOLSRUD: Are you going to answer my 
question? 
No. 


Have you ever had your deposition taken 


Yes. 

How many times? 

I don't recall. 

Take a wild guess. 

Two or three. 

When was the last time? 

In the last six months. 

In what? Was that in a case that -- tell 
why it was taken? Who noticed it? 

MR. SKARDON: Objection on the basis 
relevance. 

You may answer. 

THE WITNESS: It was a case that the 
had against a landfill. 


Ox BY MR. KOLSRUD: Your deposition was 
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me 


why? Do you know why? 
No, I don't know legally why. 
What's your position at the department? 


Acting director of the department. 


You deny that might have had something to do 


Pardon me? 

You think that might have had something to do 
with the fact your deposition was taken? 

A. On the other case? 
Q. Yes. 

MR. SKARDON: Objection, relevance. 

You may answer. 

THE WITNESS: No. 

Q. BY MR. KOLSRUD: Dr. Miller, let me tell you 
something about depositions. 

I will be asking you questions, which I'm 
entitled to do under the Rules, and you have to answer the 
questions audibly so that this lady here can take it down. 
Nodding of the head or shaking of the head doesn't count. 

If you don't understand any of my questions 
or are confused by them, tell me, and I'll rephrase the 
question. Otherwise, I'll expect you to answer all the 
questions, unless you refuse to answer them and we'll deal 


with that when we need to. 
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questioning, 


Does that sound fair enough? 

Yes. 

You married? 

MR. SKARDON: Objection, relevance. 
Go ahead. 

BY MR. KOLSRUD: Are you married? 
Yes. 

Have any children? 


YER. 


What's your address? 


sinnsy or 
e Correciions/ 
S85 71 North 48th Drive, Glendale, Arizona, 


How many children do you have? 

Two. 

How old are they? 

MR. SKARDON: Object to this line of 

but go ahead and answer. Relevance. 

THE WITNESS: 21 and 20. 

BY MR. KOLSRUD: How long you been married? 
24 years. 

Where did you go to undergraduate school? 


University of California Berkeley and Long 


Did you get a degree? 


yes. 
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hydrology? 


Where? 


University of California at Berkeley. 


What was your degree in? 


Chemical engineering. 

Have any postgraduate degrees? 
Y@s. 

In what? 

Chemical engineering. 

Where did you get those? 
Carnegie-Mellon University. 
When? 

An MS in '68 and a Ph.D in '7l. 
From the same place? 


Yes. 


Did you have any specialized training in 


No. 
Geology? 


No. 


Can you give me, in a nutshell, what chemical 


engineering means? 


chemical situations relative to the study of chemicals and 


A. 


Tt's the broad study of a number of physical, 


heat transfer, mass transfer, and a number of other 


things. 
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Q. Would you give me a practical example of how 


you would use that knowledge? 
A. Oh, you could use it to work with a refinery 
to design a distillation unit. 
You could use it to study the transfer of 
heat or the movement of fluids in different media. 
Q. Such as? 


A. Oh, an example would be in the oil industry 


studying the flow of oil underground or -- that would be a 


good example, in different types of formations. 
Q. Velocity? 
Yes. 
oe When you graduated in '71 -- you got your 
Ph.D in.'71? 
Yes. 
Did you seek and find any employment? 
Yes. 
What did you do? 
I left school in '69 and I went to work for 
Chevron Oil Field Research, from '69 to '7l. 
Where? 
La Habra, California. 
What did you do there? What were 


duties? 


Studied the movement of secondary recovery of 
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oil in underground formations. 


Q. Offshore? 
A. No, on shore. 
Q. What were the reasons -- did you terminate 
your position there? 
Yes. 
Why? 
There was a reduction in. force. 
In *F3? 
Uh-huh, yes. 
So you were one of the people that were, 
rift? dae that fair to say? 
A. es. 
What happened? What did you do then? 
A. I went to work for the Arizona Department of 
Health Services in the Office of Water Quality in Arizona. 
In 1971 who was the -- who hired you? 
Joe Obr. 


What were your duties when you were hired at 


A. I was a field inspector, inspecting water and 
wastewater facilities. 

Q. Inspecting what in water and wastewater 
facilties? 


A. Drinking water and wastewater facilities. 
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Q. 


A. 


What was your -- 

MR. CARLOCK: Was that "in" or "and"? 

THE WITNESS: And. 

BY MR. KOLSRUD: What was your job title? 


I don't -- I've gone through so many titles 


in the last few years, it was something like environmental 


engineer or field inspector. Something like that. 


Q. 


A. 


Q. 


A. 


How long did you do that? 


Don't recall exactly, but it's two to four 


Then what did you do? 


I was promoted to manager of the inspection 


unit and was managing inspectors that were inspecting 


water and 


wastewater facilities. 


Do you know Duke Railsback? 
Yeah. 
Was he in your department? 


He was there at some time during '71 to now. 


I don't recall the exact dates. 


Q. 


Did he have similar duties and 


responsibilities as you? 


Part of the time, yes. 
Okay. Then you were manager for how long? 
I don't recall exactly, but one to two years. 


And then I became the office manager or at 
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that time it was called the Bureau of Water Quality. 


became the manager of that in, approximately, 1975. 


Os Bureau of Water Quality within the Department 


of Health Services? 
A. Yes, within the Division of Environmental 
Health Services. 
Who was in charge of that division? 
At that time, I believe, Bruce Scott was. 
Okay. That was in '70 what? 
‘TSs 
Okay. You were the manager of the Bureau of 
Water Quality until when? 

A. Basically, until 1987, with some changes in 
the people I managed. And at that time we became a 
separate department. 

Q. "We" being who? 

A. The Division of Environmental Health Services 
became the Department of Environmental Quality on July l, 
1987. 

Q. And then -- okay. You were the manager of 
the Bureau of Water Quality until 1987, and then DEQ was 
born. Then what happened? 

A. I became the manager of the Office of Water 
Quality. And during that period there were different 


titles for that. Bureau of Water Quality, it changed and 
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I don't recall the different ones. 

op Were the duties basically the same 
throughout? 

A. Basically, water was in that group all the 
time, but hazardous waste was in there for several years, 
and I don't recall the exact dates. 

0. Could you give me a brief idea of the duties 


of the Bureau of Water Quality at the time DEQ was born? 


A. Yes. We had a number of programs. 


VC Papen { 2) 
«pee Corrections/or 
We had the training water program that was 


delegated so us from the Environmental Protection Agency 
to run the Federal program. And, also, we had the State 
regulatory program. 

And we had constructed a grant program for 
construction of wastewater facilities. Again, this was 
delegated from EPA and we ran it in the State of Arizona. 

We had the wastewater program that, again, 
was the State program. 

And we did not have delegation of the Federal 
program, but drafted NPDS permits and took care of that 
program. 

We had a planning program where we did our 
program planning and developed our outputs for each year. 

We had a hydrology group that did all the 


hydrology for both the Office of Water Quality and the 
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Office of Waste. 

We had a water assessment group that did 
water assessment for surface and ground water and 
evaluated the problems in the State. 

We had a permits group that did permits for 
construction of wastewater facilities, operator 

See Correciions/or 
certification, and groundwater production permits. 


We had a field inspection group that we did 


inspection of water, drinking water, wastewater facilities 


and all the facilities for the groundwater protection 
permits. 

And we had a compliance group to keep us in 
compliance with all the permits and other rules and 
statutes that we enforced. 

O. How many employees, approximately? 

A. At that time, approximately, 175, probably. 

Q. Were you, were you involved in the dispute 
between the department and Phelps Dodge over the Morenci 
Mine waste issue? Are you familiar with that? 

A. Yes. 

Were you involved in that? 

Yes. 

How about the dispute between the Chamber of 
Commerce and the department over the rules for issuance of 


Groundwater Quality Production Permits? Are you familiar 
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with that? 

A. Yes. 

Q. Do you recall the nature of that dispute? 

A. As I recall, the Chamber of Commerce did not 
like the rules that the department developed and filed 
suit against the department. 

Do you know how that ended up? 
At this time, I don't recall. 
Did they win or lose? Do you know? 


The department won. We still have our 


Tatts rignt. 

Okay. 1987, Department of Environmental 
Quality started up. 

Did your duties change at all at that time? 

A. At the transition on July lst, they stayed 
the same. 

As I recall, Dr. Teletzke as of -- after he 
took over as director of the department, reorganized the 
department in August or September. 

Q. Of 1987? 
A. Of 1987. 
And some of the sections turned around. 


Hazardous waste was all moved to a different group. And 


all the water quality was consolidated in the office that 


NIX & ASSOCIATES 


I was the director of, or assistant director. 
This was in mid to late 1987, correct? 
Yes. 
How long were you in that position? 


Until dune 30th of '88. 


And then what happened? 


I became acting director of the Department of 


Environmental Quality on about July lst. I don't think it 
was the lst. It might have been the 4 or 5th or 
something. 
And you're still acting director? 
Yes. 
The title that you used to sign the 
Groundwater Quality Protection Permit was assistant 
director of the Arizona Department of Environmental 
Quality. 
Is that what you were? 
A. Yess 
Q. In charge of the water -- what was the 
correct entity? 
A. It was Office of Water Quality. 
Q. Office of Water Quality. 
So presently your duties are basically you 
run the department, is that correct? 


A. Yes. 
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SS. And your duties include, basically what? 


Just being responsible for the operation of the entire 
department and to do what it is required you do by law, 
correct? 

Yes. 

Who's your supervisor? The governor? 

On paper, yes, but you work with the 
governor's staff. A gentleman named Art Othon in the 
governor's office is the one that I work with in the 
governor's office. 

Q. Your position is an appointed possession, is 
that right? 

Yes. 

Have you ever been in the military service? 

No. 

Let's go back to a couple of things I forgot 
about depositions. 

Since May of 1988, have you had any 
conversations with Brad Doores? 

A. I don't believe so. 

QO. Have you had any conversations with anyone 
from Energy Fuels Nuclear, Inc., since May of '88? 

A. Not that I recall, unless they happened to 
phone me about the status of the permit, you know. And I 


would have, then -- I don't recall any conversations. 
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0. Well, the status of the permit has not 
changed, has it, since May of '88? 
A. No. 
Q. In preparing for your deposition today, did 
you review any documents? 
Yes. 
What documents did you review? 
Would you like me to list them? 


Sure. Go ahead. 


I briefly looked through the files that the 


department has. It's a pile about a foot high and I 
looked through that. I reviewed -- 

Ox When you say "looked through," you mean you 
just skimmed through. What do you mean by "looked 
through"? 

A. Yes. I just skimmed through them and looked 
to see if there were any documents there I felt I needed 
to review before the deposition. I also -- 

Q. How did you pick and choose which ones you 
wanted to review? 

A. I looked to make sure there wasn't any that I 
felt that I had looked at before I signed the permit, but 
I didn't look at any new material that, you know, that I 
wouldn't have seen before the permit, before I signed the 


permit. 
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I also reviewed the document -- and can you 
help me, Jay, what is this called? 

MR. SKARDON: The More Definite Statement of 
Issues. 

THE WITNESS: That was submitted to the 
department by you. 

I reviewed the permit itself. 

I reviewed the public comments that were made 
at the public hearing and the department reply. 

I reviewed an October 22, 1987, memo from 
Michael Leach to Miguel Santiago. 

I reviewed a September 7, 1987, memorandum 
between Michael Leach and Miguel Santiago. 

I reviewed a September 18th letter to the 
Arizona Daily Sun from Linda Holden. 

I reviewed the notes of the public hearing 
that went with that letter. 

I reviewed a memo from Jerry Breckenridge to 
Miguel Santiago that has a stamped date of February 24th. 
It doesn't appear to have any other dates on it. 

Q. BY MR. KOLSRUD: Say that again? 
A. February 24 of '88, I reviewed a memo from 

Jerry Breckenridge to Miguel Santiago that doesn't have a 


hand date on it, but has a stamped date of February 24, 


1988. Would you like .a copy? 
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MR. SKARDON: You should have gotten that. 

MR. KOLSRUD: No. 

MR. SKARDON: Here's another copy of it. 
This is probably yours. 


THE WITNESS: Well, there were two copies in 


MR. CARLOCK: I had two copies of it, too. 

THE WITNESS: I reviewed a memo dated April 
5, 1988, from Michael Leach to Miguel Santiago. 

I reviewed a letter of April 13, 1988, to Bob 
Mesta from Gary Ullinskey. 

And I reviewed the rules related to the 
Groundwater Permit Program. Not all the rules, just 
certain ones. 

Q. BY MR. KOLSRUD: I've never seen this, the 
handwritten memo to Santiago from Breckenridge dated 
February 24, 1988. 

What else did you do to prepare for the 
deposition, anything? 


A. No. 


Q. Practice? Rehearse? Meet with your lawyer? 


A. I met with Jay and we discussed it. 
MR. SKARDON: I'11l object on the basis of 
attorney/client privilege. 


MR. KOLSRUD: I'm not asking what you said. 
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I just want to know if you met with him. 


THE WITNESS: Yes, I met with him. 

Os BY MR. KOLSRUD: Did you have any 
conversations with anybody from or representing Energy 
Fuels? 

No. 

Excuse me. I did do one other thing. I 
looked on my calendar in April and May of '88 to see if I 
could identify any meetings I had with my staff relative 
to the permit. 

And did you find any? 

No, none listed on my calendar. 

Which dates again? 

April and May of '88. 

Had you ever heard of Energy Fuels Nuclear, 
Inc., prior to this permit process? 

A. I've heard the name but I don't recall if it 
was prior to this permit process. 

Q. Do you have any knowledge as to the financial 
stability of Energy Fuels? 

A. No. 

Os Do you have any knowledge of whether Energy 
Fuels could pay for a clean up of a serious pollution 
problem that could possibly be caused by mining at Canyon 


Mine? 
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A. No. 
Q. Have you ever heard of Energy Fuels 
Exploration Company? 


A. I've heard of it, but I don't -- 


ae Do you know of any distinction between it and 


Energy Fuels? 

No. 

Are you familiar with Canyon Mine? 

Yes. 

What do you know about it? What is it? 

Well, it's really from, you know, just 
recall, but I believe it's a mine that we were involved on 
a groundwater permit on the North Rim of the Canyon. I 

South of the canyon 


don't know, but that's all I recall. 


Q. Do you recall any instance called Hat Canyon 


Yes. 
How about the Kanab Creek Flood? K-a-n-a-b. 
No. 
Are you aware of any pollution caused by Hat 
Canyon uranium or pollution caused by the Hat Canyon mine? 
A. No. 
Q. Would you -- can you give me sort of a handle 
on how the department deais with an application for one of 


these permits? What happens? What's the process? 
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A. I can give you a general overview of the 
process. 

OF Yes, that's what I want to know. 

A. We have certain priorities on issuing 
groundwater permits, in that, we issue and work on permits 
for new facilities first, and then existing facilities 
second. So that, any new facility is addressed in what we 
feel is a reasonable time frame and that allows people to 


go into operation. 


Existing facilities have been put ona 


priority list which is between 8 and 1,100 that we get to 
as time permits. 

So our resources are looking at new 
facilities. Facilities that want to go into operation. 

And most of our work, since the rules for 
Groundwater Protection Permits have come to fruition, have 
been for new facilities. We've only worked ona few 
existing facilities, in the range of probably 5 to 10, and 
permits for existing facilities that are related to 
expansion of an existing facility, where they would need a 
new permit, and, then, we'll take the existing permit and 
add the new one there. 

All existing facilities are required to 
submit a Notice of Disposal for this. And new facilities 


are required to submit a Notice of Disposal and permit 
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application. 

Based on the date that that's submitted, we 
develop a draft permit, the staff people do, working with 
the facility, and it is reviewed in-house, goes out for 
public notice. 

And if there is enough interest, we can have 


a hearing on it. We'd go ahead and have hearings. And 


the permit is based on the testimony at the public 


hearings. 

Permits may be revised, depending on what is 
presented at the hearing. We develop a responsiveness 
summary to any comments that are made and say, here's why 
we are changing the permit or leaving it the same. 

And, then, whether we have a hearing or not, 
the permit in its final form is sent to me, through the 
section manager and the unit manager, for signature. 

That authority to sign those permits has been 
delegated to the assistant director, in this case 
assistant director for water. So the director has 
delegated that authority. 

The rules say the director shall sign it, but 
it has been delegated to the assistant director. So the 
assistant director signs the permit and it goes into 
operation. 


Q. Do you have written internal guidelines as to 
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how this process works? 

A. I don't recall. We have a lot of different 
guidelines and I don't recall if we have one in this 
process. 

i Who makes a decision whether or not the 
permit meets the regulations? 

A. That's the responsibility of the person 
drafting the permit, his boss who's a sub unit manager, 


the unit manager, the section manager, and the assistant 


director. Each of them must make sure that's happening. 


Q. The ultimate responsibility sits on your 


shoulders, doesn't it? 


Q. As assistant director or director you're 
involved as acting director? 

A. Yes. 

Q. Well, what is your understanding as to who 
has the ultimate responsibility? It's the director, is 
not? 

A. The director, yes. 

QO. You said you look at the data presented by 
the applicant, right? 

A. The staff does. 

q. The staff does? 


A. Yes. 
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O's Does the staff use any source material, other 
than data presented by the applicant? 
Yes. 
Such as? 


Data in the Arizona Department of Health 


Services, Department of Environmental Quality files, the 


Arizona Department of Water Resources, and other folks 
that would have groundwater data. 

Q. Is there data put in the file for that permit 
so that a person like myself that wanted to know what was 
going on could look in there and see if, in fact, the 
department did use those other sources? 

A. I don't know. 

Q. So your answer is you don't know? 

A. Yes’. 

Q. So if I want in and checked, it may or may 

there? 

A. Yes... 

Q. Does the department conduct its own 
investigation? 


A. Could you reask that question in a different 


Q. Sure. 
Does the department actually go out on the 


ground and investigate a particular site that is under 
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consideration for a permit? 

A. We may do that. 

Qs Who decides? 

A. Probably either the unit manager or one of 
the sub unit managers. 


Q. Does the department conduct any scientific 


testing of any sort on any of those sites? 


Generally not. 

Do you recall any time that it has? 

No, 1. don't. recail. 

Is there an official file for each permit 
application? 

Yes. 

Is that file public record? 

Yes. 

Is there a confidential file kept on any 
permits? 

A. Not unless there is some document between 
and the attorney general's office that's listed as 
confidential. 

Q. How about a document that's given to the 
department by the applicant? 

A. As I recall, the applicant can ask for things 
to be confidential, but there is a determination that 


needs to be made, and I'm not recalling, don't recall, the 
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process we'd go through to make that determination. But, 


in general, most things are not confidential. 
Q. Have you ever made that determination? 
A. I, personally, have not. 
OH: Do you know if anybody else has? 
A. I'm sure they have, because people have asked 
for things to be confidential, but I don't recall. 
Q. Let's talk about Energy Fuels. 
Are there any confidential documents that 
Energy Fuels has asked you to keep confidential in this 
case, do you know? 
I don't know. 
If I wanted to find out, who would I ask? 
Probably Skip Hellerud or Gary Ullinskey. 
As far as you know, all the documents 
relating to this application are public records, is that 
right? 
A. As far as I know, yes. 
Q. Doctor, when is the first time you heard the 
term "breccia pipe"? 
MR. SKARDON: I'll object to the question, 
based on the Grimm case. 
Q. BY MR. KOLSRUD: Do you know anything about 
breccia pipes? 


MR. SKARDON: Object to the question based on 
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the Grimm case, direct the witness not to answer. 

Q. BY MR. KOLSRUD: Are you going to answer my 
question? 

A. No. 

Q. Have you ever issued a permit for any -- to 
anybody, relating to the mining of breccia pipe, besides 
this case? 

A. I domt recall. 

Ds Do you know what a breccia pipe is? 

MR. SKARDON: Objection, based on the Grimm 

I instruct the witness not to answer. 

MR. KOLSRUD: None of this stuff comes under 
the Grimm case. 

0. BY MR. KOLSRUD: Do you know how they're 
formed? Do you have any idea? 

MR. SKARDON: Same objection, based on the 
Grimm case. I direct the witness not to answer. 

Q. BY MR. KOLSRUD: Are you going to answer my 
question? 

A. No. 

Q. You're not going to answer anything about 
breccia pipe? 


MR. SKARDON: Russ, you're not entitled to 


probe his thought processes regarding his decision. 


MR. KOLSRUD: I'm not doing that. 
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Q. 


MR. SKARDON: Yes, you are. 


MR. KOLSRUD: No, I'm not. 


Do you know when breccia 


BY MR. KOLSRUD: 


pipes were discovered in Arizona? 


Q. 


MR. SKARDON: Go ahead, if you know. 


THE WITNESS: No. 
KOLSRUD: 


BY MR. Do you know where they're 


generally located? 


A. 
Q. 


caves, in 


case. 
Os 
question? 
A. 


Q. 


No. 

Are you familiar with the caves, underground 
the Redwall Limestone on the Coconino Plateau? 

based on the Grimm 


MR. SKARDON: Objection, 


I direct the witness not to answer. 


BY MR. KOLSRUD: Are you going to answer my 


No. 
Do you know how breccia pipe is mineralized? 
direct the 


MR. SKARDON: Same objection, 


witness not to answer. 


Q. 
question? 
A. 


Q. 


BY MR. KOLSRUD: Are you going to answer my 
No. 


Do you know how to recognize a breccia pipe 


on the surface? 


MR. SKARDON: Same objection, direct the 
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witness not to answer. 

MR. KOLSRUD: These objections are totally 
way beyond even the implication of that case. 

MR. SKARDON: I disagree. 

MR. KOLSRUD: He's not going to answer 
anything about the breccia pipe? 

MR. SKARDON: You're not entitled to probe 
the manner and extent of his study of the records 
regarding the issuance of the permit. That would include 
his mental processes. 

MR. KOLSRUD: I'm not asking about his mental 


processes, I'm asking what he knows about breccia pipe. 


MR. SKARDON: It's within the same probing of 


his processes that is forbidden by the Grimm case. 
Q. BY MR. KOLSRUD: Do you know George 

Billingsley? 

No. 

Have you ever seen a breccia pipe firsthand? 

No. 

B=r-erc<-0-1-a. 

Let's talk about the permit here for a 
minute, Permit No. G-0004-03. 

When did you first become involved in dealing 
with this permit application? 


A. I don't recall the exact date, but I would 
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guess it would be sometime in mid to late '87. 


Q. How did you get involved? 

A. I don't recall. I generally discuss issues 
that have come to my attention with my staff, and this was 
one of the controversial permits we were working on, so I 
would guess I became involved by hearing about it from my 
staff or otherwise in discussing it with them. 

Q. How do you categorize controversial from 
noncontroversial? 

A. Basically, any permit that is exploring new 
territory, as far as issuing permits, or one that the 
governor's office, legislators, or the press is interested 
in. 

a How did this one get classified as 
controversial? 

A. This one is a new area for use, and also 
there were a lot of objections to the uranium mining. 

By whom? 

Generally, the public in the Flagstaff area. 

Do you know the nature of the objections? 

They were worried about pollution of 
groundwater and surface water. 

Ox Do you know why they were worried about it? 

A. Why they were. worried? No, I don't know why 


they were objecting originally. I've read their 
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statements made at public hearing, so I know what they 
said then. 

Q. Do you have any personal knowledge as to 
where the people in Coconino County on the Plateau get 
their drinking water? 

A. Yes. 

MR. SKARDON: Object to that, based on the 
Grimm case, direct him not to answer. 

Q. BY MR. KOLSRUD: Do you know the percentage 
of drinking water on the Coconino Plateau that comes from 
groundwater sources? 

MR. SKARDON: Objection, based on the Grimm 
the witnes not to answer. 

BY MR. KOLSRUD: Do you have any idea? 

Not going to answer. 

You won't answer that question? 


How about surface water, do you know how much 


surface water, percentagewise, is used by the population 


on the Coconino Plateau that is -- that doesn't make any 
sense. Let me redo that one. 

What percentage of the surface water -- let's 
strike that and start over again. 

What percentage of the drinking water is 
surface water on the Coconino Plateau, do you know? 


MR. SKARDON: Objection, based on the Grimm 


NIX & ASSOCIATES 


case, direct the witness not to answer. 


Q. BY MR. KOLSRUD: Do you know that the 


groundwater -- well, the permit for NOD, Notice of 


Disposal, was denied to Energy Fuels Nuclear, Inc., on 
September 4th of 1986. Did you know that? 
A. No. 
Ce You said you went through the file in 
preparation for this deposition, right? 
A. Yes. 
Q. And picked and chose a few documents you 
wanted to review, correct? 
A. Yes. 
(Exhibit No. 2 marked for identification.) 
Oz BY MR. KOLSRUD: Doctor, I'm going to hand 
you what's been marked as Exhibit 2 to your deposition. 
Dr. Miller, would you look at that and tell 
me if you can identify it. 
A. It's a memo from Gary Ullinskey to Chuck 
Anders through Skip Hellerud dated October 29, 1986. 
0. Was this in your file that you looked through 
in preparing for your deposition? 
It may have been, but I didn't see it. 
Who's Gary Ullinskey? 


He's a manager in our groundwater permits 
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permits, draft permits, 


What sort of training does he have, do you 


No, I don't know, extensively. 
What are his duties? 
He is responsible for certain segments of 


and making sure they are drafted 


in a timely fashion. And also he's been working on 


developing our quality protection permit program 


providing testing under the new law. 


aquifer, for 
main aquifer 


Q. 


Is he a good employee? 

Yes. 

Knowledgeable? 

Yes. 

Work hard? 

Yes. 

You trust him? 

Yes. 

You know what a perch aquifer is? 
Yes. 

What is it? 

Perch aquifer, that is above the main 
some reason, and it isn't connected to the 
directly by a saturated zone. 


Is there a difference between a perched 


aquifer and a shallow aquifer? 
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A. There is. 
Q. What's the difference between a perched 
aquifer and a shallow aquifer? 


A. The general difference is a shallow aquifer 


is only 5 to 15 feet deep and it's not perched. 


Q. Are you aware that the area around the Canyon 
Mine is a groundwater recharge area? 

A. I wasn't aware of it in a sense, but if I 
think about it, yes, it would be. 

LG ies Are you familiar with the surface water 
runoff on the Coconino Plateau? 

First of all, let's talk about the Coconino 
Plateau. Do you know where that is? Do you know what I'm 
referring to? 

A. Yes: 

Ox Basically, I'm referring to the area west of 
San Francisco Peaks, north of the Bill Williams, and 
bordered by the Grand Canyon. Okay? Fair? 

A. Yes. 

QO. Are you aware that the perched aquifers in 
that area supply springs in the Grand Canyon and tributary 
canyons? Do you know that? 

Yes. 
Do you know Harold Roberts? 


No. 
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How about Richard Munson? 

No. 

Sheldon Muller? M-u-1l-l-e-r? 

Yes. 

Who's he? 

He was a former employee of the department. 
When? 

MR. SKARDON: He means Shelly Muller. 


THE WITNESS: Oh, I'm sorry. I'm thinking of 


See Corrections/SF 
Brad Mulley (phonetic). 


I'm sorry. 


Q. 


Sheldon Muller is assistant attorney general. 


BY MR. KOLSRUD: Do you recall ever reading 


this memorandum? 


Q. 


Can I take a minute to read it now? 
Sure. Go ahead and look at it. 
(Reading.) 

No, I don't recall seeing this memo. 


Would you look on page 3 at the top. See 


that first sentence. 


"Based on this information and a recently 


published DWR study of the southern Coconino Plateau, I 


determined that there was a potential for pollutant 


discharge." 


Do you see that? 
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Yes. 


Do you know what study is referred to there? 


No. 


Do you k 


now if that's in the file at the 


Department of Environmental Quality? 


A. T- do “not 


©. You see 


have developed a mistrust of the accuracy of information 


supplied by EFN"? 
A. Yes. 
Oz Were you 


Ullinskey's until you 


He never 


Not that 


know. 


the next sentence, "Additionally, 


aware of this mistrust of Mr. 


read this memo? 


talked to you about it? 


I recall. 


Nobody else ever talked to you about it? 


Not that 
The next 


woman's name, Debra D 


TY recall. 


paragraph, one sentence, there is 


aniel. Who is she? 


A. Hydrologist in the hydrology section. 


Q. How long has she been working for, I guess, 


the Department of Hea 
employed there? 


A. 


lth Services? First, 
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was she 


I 


a 


When was she hired, do you recall? 

A. I would guess she has been employed 
approximately five years. 

Q. At the time of this memo of October of '86, 
it would be correct to assume that Mr. Ullinskey was in 
charge of this particular file, is that how it worked? 

A. Not recalling the exact dates of people 
getting promotions, I will say that's a safe estimate. 
Mr. Ullinskey, when he first came to work, was a permit 
writer, and at some time he got promoted to a manager's 
position and I don't recall the dates. 

Q. I, see Debra Daniel was assigned to the case. 
Do you know how that happened? 

A. The memo says that Bill Wiley assigned her. 


There are two different groups that work on 


groundwater permits. There is the permit writers and the 


hydrology section. And so there are assignments made in 
two different places. 
O:. Well, do you know if Debra Daniel replaced 

anybody that was working on this permit? 

Noy. 2ktion Tt . 

If I wanted to find out, who would I ask? 

Debra Daniel or Bill Wiley. 

(Exhibit No. 3 marked for identification.) 


BY MR. KOLSRUD: Dr. Miller, I've just handed 
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you Exhibit 3. Would you review that document, sir, and 


tell me if you can identify it. 

A. It's a memo dated November 4, 1986, from 
Debra Daniel and Gary Ullinskey through Bill Blackman, 
myself, Bill Wiley, and Skip Hellerud to Chuck Anders. 

Have you seen it before? 

I don't recall. 

It's through you. Do you think you might 
have had an opportunity to read it before? 

A. I might have. Yes. 

Q. When you went through the file preparing for 
your deposition, did you see it? 

A. No. 

Qs See the last sentence on the first page where 
it says, "Environmental issues were identified as a major 
reason for this denial," referring to the Land 
Department's denial. Do you see that? 

A. Yess 

Q. Then over on the next page, No. 1, there is a 
statement that the staff should include a discussion of 
the impact of the Land Department's decision. 


Do you know if that was done? Do you see 


I don!" recall’. 


Do you know if there was some sort of 
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internal problem relating to this permit at this time? 


MR. SKARDON: Could you define "internal 
problem"? 

@. BY MR. KOLSRUD: Look at No. 2, says, "ADHS 
internal staff meetings to iron out a consistent 
position," do you see that? 

Are you aware of any internal problem at ADHS 
as of November 1986? 

A. I'm not aware of any details. Many times we 
have internal problems on issues. 

OQ. Was there a difference of opinion of the 
staff as to what should be done with this permit? 

A. I. don't recall. It appears by reading the 
memo that's the case. 

as You don't have any independent recollection? 

that what you're telling me? 

A. 

Q. Okay. You don't know if anybody got together 
with the department or the State Land Department, is that 
right? 

Not that I recall. 
(Exhibit No. 4 marked for identification.) 

Q. BY MR. KOLSRUD: Doctor, I'm handing you what 
has been marked as Exhibit No. 4 to you deposition. 


Would you please review the document and tell 
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me whether you can identify it. 


A. It is a letter dated November 6th, 1986, to 
Richard Munson from Gary Ullinskey. 

Os Can you identify the document? Have you seen 
it before? 

A. Not that I recall. 

Q. Do you recall seeing it when you went through 
the file? 

A. No. 

Q. When you went through the file to prepare for 
your deposition, what were you looking for? 

A. I. was looking for documents that I would have 
seen at the time the permit came up to me for signature 
and anything that I may have -- notes I may have written 
back to the staff relative to the permit. 

GO. Do you recall your personal involvement in 
this matter as of November 6, 1986? 

No. 
Did you have any? 
No. 
MR. SKARDON: No, you didn't have any or no 
you don't recall? 
THE WITNESS: I don't recall. 
Q. BY MR. KOLSRUD: Do you keep a daily log of 


what you do, appointments, et cetera? 
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A. Appointments, I keep on my calendar, but I 
don't keep a daily log of issues. 

Q. Do you have anything written on the daily log 
or anything similar to that that would indicate whether or 
not you were involved at all in this permit process as of 
November 6, 1986? 

A. The only thing I would have would be my 
calendars, and I could look to see if I was at an in-house 
staff meeting. And if I was, I would have taken notes and 
they're probably somewhere in all of our files. It would 
have been some of my handwritten notes from any such 
meetings. 

O% Would those be in the official file I could 


go down and look at? 


A. No, but they would be in the reading file for 


the assistant director or director that you could look at, 
yes. 

Q. The letter is to Mr. Munson Energy Fuels. 
I believe you stated you don't know him, is that correct? 

A. Yes. 

Q. You've never talked to him? 

I don't know if -- I can't say I've never 

talked to him. 

Q. You have never had a meeting face to face 


with him? 
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E don"t recall. 


Q. @Woumscemthemast full paragraph at the bottom 
of the first page that says, "@hem@epantmentedisagrecs 
that the drill logs (actually borehole logs) verify your 
position." 


Do you see that? 

Yes. 

Ox Is that the department's position today? 

MR. CARLOCK: I'11 object to the form of the 
question because I don't think it can be -- I don't think 
it makes it clear to the deponent what position on the 
part of Energy Fuels Nuclear it's referring to. In that 
sentence, it says that, "The department disagres that the 
drill logs (actually borehole logs) verify your position." 

Q. BY MR. KOLSRUD: Can you answer the question? 

I'm trying to read the paragraph and -- 

Q. Go ahead and read the paragraph and read the 

That might help you. 

A. See, by reading the paragraph before and this 
paragraph, I don't understand what "your position" refers 
CIO's 


Q4 Well, "The logs indicate that the boring 


NIX & ASSOCIATES 


That's the next sentence. That's clear, 
isn't it? What about that sentence don't you understand? 

MR. CARLOCK: I'll object to the form of that 
question, because I don't think the witness has indicated 


he did not understand that second sentence. What he had 


said was he did not’ know what the words "your position" 


referred to. 


THE WITNESS: Could you restate your 


question, please. 


Q. 


BY MR. KOLSRUD: The second -- let's look at 


the second sentence of that paragraph. 


encountered saturated zones and that mining operations may 


"The logs indicate that the boring 


therefore contribute to the discharge of a pollutant to 


the vadose zone or to an aquifer." 


answered. 


Q. 


You see that? 

Yes. 

Do you disagree with that? 

Yes. 

Have you seen the drilling logs? 

No. 

You have not reviewed the drilling logs? 


MR. SKARDON: Objection, he's already 


BY MR. KOLSRUD: You see the sentence that 
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says, it's the second to the last sentence, the last two 


sentences of this. I'll read them to you. 

"The closure plan includes the dumping of low 
grade uranium ore into the abandoned shaft. Since EFN has 
clearly demonstrated that the conditions of R9-20-208.A 
cannot be met by the facility as proposed, a permit 
application is proposed." 

Do you see that? 

Yes. 

Q. So at that time it was clear that those 
conditions could not be met, is that -- do you know that 
to be true? 

MR. CARLOCK: I have a problem with the form 
of the question, Russ. “Those conditions," what does that 
refer. to? 

KOLSRUD: R9-20-208.A. 

MR. CARLOCK: Those are the conditions for 
the approval of the Notice of Disposal? 

MR. KOLSRUD: That's right. 

MR. CARLOCK: Without requiring an 
application for permit? 

MR. KOLSRUD: Fine, that's fine. 

MR. SKARDON: You're asking whether he 
that to be true at that time? 


MR. KOLSRUD: Yes. 
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MR. SKARDON: I'm going to object on the 
basis of the Grimm case and instruct the witness not to 
answer. Goes to the manner and extent of his study of the 
records, improper. 

Q. BY MR. KOLSRUD: Are you going to answer the 
question? 

No. 

What's the vadose zone? 

The vadose zone is the unsaturated zone 


between the surface and the top of an aquifer. 


Q. Including a perched aquifer? 


A. Yes. 
Q. Is it your position that this facility will 
not in any way dispose of any hazardous waste into the 


vadose zone? 


Q. How about into an aquifer? 
MR. SKARDON: That's the conclusion not the 
process. (Statement directed to Mr. Carlock.) 
THE WITNESS: Yes. 
(Exhibit No. 5 marked for identification.) 
Q. BY MR. KOLSRUD: Dr. Miller, I'm handing you 
what has been marked as Exhibit 5 to your deposition. 
Would you, please, review that document and 


tell me if you can identify it. 
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A. Tt's a memo dated November 19, 1986, from 
Gary Ullinskey to me. 

Q. Do you recall seeing this memo before? 

I don't recall at this time. I'm sure I did. 

Os Did you happen to run across it when you were 
looking through the file in preparation for your 
deposition? 

A. No. 

Ols What was your role in this matter, as of 
November 19, 1986? 

A. I was the -- let me see -- what were our 
tittes then -- 

Q. Let me rephrase the question. I don't really 
care what your title was. I want to know what your role 
was in this process as of November 19th. 

A. I was manager of the office -- it wouldn't be 
called "office" -- the Water Quality Bureau Department -- 
no, that wasn't a department at that time. And I don't 
recall why this memo was sent to me from Gary. 

Q. Second paragraph says, 11/10/86, language, I 


guess, is November 10, '86, @EENEbeganiiclearingmand 


Do you know if that bothered anybody or 
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disturbed anybody at the department? 

A. I don't recall. 

0. Who would I ask if. I wanted to find out what 
the department thought about that? 

A. Probably Gary or Skip Hellerud or Lyndon 
Hammon. 

Q. Do you know if the Department of 
Environmental Quality or at that time, Health Services, 
ever approved the location or the construction of the 
monitoring well on the property? 

MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 


BY MR. KOLSRUD: Are you going to answer that 


No. 
Do you know if the department had any input 


whatsoever in the information the department needed or 


wanted when Energy Fuels was going to drill that 


: ; It’s not actually a monitoring well, the R/M well 
monitoring well? is the water well for the mine 


MR. SKARDON: Go ahead. 
THE WITNESS: I don't know. 
Q. BY MR. KOLSRUD: Who would I ask if I wanted 
to find out? Ullinskey? 
A. Yes. 


0. The last paragraph entitled 
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"Recommendations," There are two things, statements, 
there. 
One is to allow drilling to proceed if proper 
data is being collected. 
Do you know if that happened? 
No. 
Q. Do you know if the department has 
from the drilling of that well? 
No. 
At least you haven't reviewed 
Yes. 
-- is that right? Again, I would have to 
talk to Ullinskey on that, is that correct? 
A. Yes. 


Q. And you have no independent recollection of 


having seen this memo of November 19th, is that right? 


A. Yes’. 
Ge Do you recall a meeting being held at the 
department on November 24th of '86? 
A. No. 
Q. Between the members or people from the 
department and the EFN? 
No. 
Do you recall attending that meeting? 


No. 
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(Exhibit No. 6 marked for identification.) 
Q. BY MR. KOLSRUD: Doctor, I've just given you 

what has been marked as Exhibit 6. It's a letter dated 
December 1, 1986, to you from Brad Doores. 

Would you please review the document, sir, 
and tell me if you can identify it. 

MR. SKARDON: Russ, while he's doing that, 
could I get another glass of water? 

MR. KOLSRUD: Sure. 

THE WITNESS: The document is dated December 
1, 1986, to me from Brad Doores of Energy Fuels Nuclear, 
Incorporated. 


Q. BY MR. KOLSRUD: Can you identify it? Have 


you seen it before? 
Ris I'm sure I have, but I don't recall the 


details of 2t. 


Q. Does it refresh your recollection as toa | 


meeting held on November 24, 1986, that you may have been 


in attendance at -- or that's a dangling -- 


MR. SKARDON: Yes. 
MR. KOLSRUD: -- preposition. 
THE WITNESS: It does reference a meeting 
November 24. I don't recall if I was there. 
Oe BY MR. KOLSRUD: Okay, fine. Let's look down 


at the end, to the last paragraph down the page. 
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MR. SKARDON: Which page? 


Q. BY MR. KOLSRUD: Second to the last paragraph 


on page 2, last sentence, says, "In the terms of 


R9-20-208.A," do you see where I'm reading? 

A. Yes. 

0. Says that, "The no migration standard has 
been satisfied, and the studies by EMA make clear that in 
any event there is no reasonable probability that any 
pollutants from the Canyon Mine facilities will reach an 
aquifer, within the meaning of the new Aquifer Protection 
Permit Statute." 

Do you see that? 

A. Yes. 

Q. Is that the standard that the department uses 
to issue the Groundwater Quality Protection Permits? 

MR. SKARDON: Object to the form. Which 
standards? 
MR. KOLSRUD: What I just read. 

Or BY MR. KOLSRUD: "There is no reasonable 
probability that any pollutants from the Canyon Mine 
facilities will reach an aquifer." 

Is that your standard? 

A. Well, the standard we issue is relative to 

R9-20-208.A. 


Q. Can you answer that question? 
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Rephrase it, please. 
MR. KOLSRUD: Would you read the question 
back to the witness. 
(Question read from page 56, lines 14-15.) 
Cx BY MR. KOLSRUD: Do you understand that? You 
want me to rephrase it? 
A. Yes. 
9: Is that the standard the department used to 
issue the Groundwater Quality Protection Permit to EFN? 
MR. SKARDON: And the standard you're 
referring to is no reasonable probability that any 
pollutants from the Canyon Mine facilities will reach an 
aquifer? That's the standard you're referring to? 
MR. KOLSRUD: That's it. 
MR. SKARDON: Go ahead. Take a look at the 
rule, if you want. 


> BY MR. KOLSRUD: Dr. Miller, what are you 


I'm looking at R9-20-208.A. 


The language in R9-20-208.A is a little 


different than in that sentence. And when I sign off 


permits, I look at R9-20-208.Al, which says, the facility 
or disposal system or both will be or are designed and 
constructed such that there will be or is no migration of 


wastes or pollutants, either directly to groundwater or to 
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the vadose." 
om So that's not a correct statement, then, in 
the letter dated December 1, 1986, is that right? 
MR. CARLOCK: I'll object to the form of the 
question because I don't think it's comprehensible when 
you say, "is that a correct statement" when the statement 


r statement, not a statement of the position of the 


department or the legal standard of the department he's 


stating, or whether he is purporting to make a statement 
of fact or of opinion. And I don't think the question as 
presented to the witness recognized that or permitted the 
witness to recognize that. 
Q. BY MR. KOLSRUD: Do you remember 
question, Dr. Miller? 
A. Repeat it please. 
MR. KOLSRUD: Would you, please, read the 
question. 
(Question read at page 58, lines 2-3.) 
MR. KOLSRUD: In your opinion. 
MR. CARLOCK: Make the same objection as I 
did to the previous question. 
THE WITNESS: Well, the statement there is 
possibly correct, but it's not consistent with 
R9-20-208.Al1. 


Q. BY MR. KOLSRUD: Tell me what you mean by 
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it's possibly correct, but it's not consistent with 
R9=20-208,.A1? 

A. 208.Al does not have the phrase "no 
reasonable probability." 

Q. Do you think that's important? 

A. I mean, it may or may not be important. It's 


just his opinion at this point. 


Q. I'm asking if you think it's important. 


A. We need -- I don't think this sentence is 
important, no. 

Q. No. The difference between that sentence and 
the language that you've just looked at in 208.Al. 

A. Well, there -- it's important to realize that 
this was a difference between no reasonable probability 
and 208.Al. Just, there is a difference. 

Q. I'm asking if you think it's an important 
difference. 

A. No, I don't think it's important. 

Q. All right. Over on the next page... You see 
that paragraph at the top? 

A. Uh-huh. 

Q. "We would sincerely appreciate your personal 
involvement." 


You see that? 
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0. What is your understanding of your personal 


involvement in this process? 

A. Not recalling what it was at December of '86, 
but, generally, when I get letters like this, I forward 
them down to staff and keep track of deadlines and time 
frames and make sure I'm aware of issues related to it. 
And that we were rapidly going through the permit process 
and making decisions and not putting people on hold on 
that and at times getting involved in the decisions. 

Q. Did you make any commitment to EFN at the 
meeting on November 24 of '86? 

A. I don't recall if I was even at the meeting. 

Q. You see the last sentence, "With your help, 
we are sure that the permitting process will now be able 
to progress expeditiously." 

Does that mean anything to you? 

A. No. 

Q. Is he referring to anything that you can 
recall? Making any commitments that you recall? 

A. Not that I recall. A lot of time I make 
commitments to folks that we'll go rapidly through the 
process. Obviously, we didn't, if I didn't issue it until 
May of '88. 

Q. Well, isn't it a fact that two months after 


this letter a draft permit was issued on February 13th of 
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I'm not aware of the date of the draft. If 
you say 


Q. Do you have any independent recollection of 


any raw data given to the department between December 1 of 


'86 and February 13 of '87 -- 


MR. SKARDON: Objection, based on the Grimm 


KOLSRUD: Let me finish my question. 
MR. SKARDON: Go ahead. 


BY MR. KOLSRUD: -- when the draft was 


MR. SKARDON: Object on the basis of the 
Grimm case, direct the witness not to answer, goes to the 
Manner and extent of his study of the record. 

Q. BY MR. KOLSRUD: You did look at the record 
in preparation for the deposition, did you not? 

A. Yes. 

Ad Did you see any documents or any data in that 
record provided to the department between those two dates? 
That is, December 1 of '86 and February 13 of '87. 

A. I didn't look in that much detail. 

QO You don't know? 

MR. SKARDON: If you recall. 


THE WITNESS: I don't recall. 
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BY MR. KOLSRUD: If I want to find out, who 
would I 


You could ask Gary Ullinskey and look at the 


Os As of December 1 of '86, did you have any 


personal or any close friends, any friends or 


acquaintances at or working for Energy Fuels? 

A. Not that I know of. 

QO. Do you recall making any commitments for 
anyone associated with Energy Fuels, including their 
lawyers, that the department would expeditiously handle 
this permit, handle the processing of this permit? 

A. I don't recall, but at many times I do make 
those type of statements, that we'll make a decision in a 
certain time frame. 

Q. So you could have possibly done that, made a 
commitment to Mr. Doores? 

A. Yes, it's possible. 

Q. Do you recall seeing any protest letters in 
the file? Protest letters, you know, people that were 
writing in protesting the issuing of the permit to Energy 
Fuels? 

Yes. 
Did you read them? 


No. 
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Didn't read any of them? 
No. 
(Exhibit No. 7 marked for identification.) 
Q. BY MR. KOLSRUD: Dr. Miller, you have been 
handed what has been marked as Exhibit No. 7 to your 
deposition. 
Do you recognize it? Have you seen it 
before? 
A. Yes. 
Q. It's a subpoena duces tecum for your 
testimony here. 
A. Yes. 


De Now Exhibit A attached to page 3 says that 


you're supposed to bring all documents you relied upon in 


making your decision to issue Groundwater Quality 
Protection Permit No. G-0004-03. 

A. Yes. 

Q. Your deposition was rescheduled. Do you 
recall that? 

A. Yes. 

Q. And your attorney supplied me with all 
documents set forth on Exhibit A, and I've got a stack of 
documents here I want to go through and make sure I have 
everything you relied on in making your decision. 


Did you supply these documents to him? 
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(Exhibit No. 8 marked for identification.) 
Ow. BY MR. KOLSRUD: You've been handed a stack 


of paper which has been marked as Exhibit 8 to your 


deposition. I just want to go through this sort of to see 


if I'm missing anything else, besides the interoffice 
memorandum dated February 24, 1988. 

Let's just kind of go through the stack the 
way I've got them there. 


April 5, 1988, memo. Do you see that? It's 


Yes. 
From Michael Leach. Who is Michael Leach? 
He's a hydrologist in the hydrology section. 
Section of what? The Water Division? 
Hydrology section within the Office of Water 
Quality. 
0. Who is Miguel Santiago? 
A. Permit writer in the permits section within 
the Office of Water Quality. 
Q. What is this document? 
A. It's responses to comments received at the 
public hearing from our hydrology staff to the permit 
writer. 


Q. At this time Miguel Santiago was the permit 
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Yes. 

It was not Gary Ullinskey? 

Yes, that's appears to be the case. 

Why was Ullinskey removed from being the 
permit writer, do you know? 

A. I don't know exactly, but my assumption would 
be that between the time he began on this and this date in 
April, is when he received his promotion and was a manager 
at that time and wasn't doing the day-to-day permit 
writing. 

Os This document you said is responsive to 
comments from the public hearing on the permit, is that 
right? 

Yes. 

Is this something you normally do? 

Yes. 

Do you send these comments back to the people 
that made the comment? 

A. Once the permit is signed, the general 
direction is that everyone that made comments gets a 


response of it. So this document would not be sent to the 


people that made comments, the other document that doesn't 


have a title on it -- anyway, the summary of the 


responses, would be sent to them. 
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In this just interoffice? 


Q. Would you look on page, second page -- 
they're not really numbered. 
First of all, who drafted the reply? Michael 
Leach, is this his draft of, I mean, his writing? 
A. Looking at the way the memo is signed, yes, 
it would be from him through Debra. 


Ow Okay. At the bottom of the page,. the last 


full large paragraph above C3. Do you see that? 


A. Yes. 

Q. The second sentence says, "Even if fracturing 
is present in the underlying Redwell-Mauv the bottom of 
the mine shaft is over 1000 feet over the regional water 
table and is found in the top of the Supai Formation. 
There is no reason to think that a fracture system would 
be common to two separate rock formations and extend 
nearly 1000 feet." 

Do you see that? 

A. Yes. 

Q. Do you know what fracture analysis was done 
by the department of Energy, or, I'm sorry, Department of 
Environmental Quality? 

A. No. 


Do you know if they did any? 
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No. 
Q. Do you know if there was any independent 
investigation undertaken? 
A. No. 


Q. Do you see the last sentence of that 


paragraph, "The layering within Supai formation would have 


the greatest control over spreading of fluids in the 
subsurface." 


Do you know where those fluids would be 


MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 
Q. BY MR. KOLSRUD: Could you answer that 
question? 


A. 


QO. know if the department made any study 


on where the would spread within the Supai 
formation? 

A. No. 

Q. Do you know if they were supplied any 
information in that regard from anybody? 

A. No. 


Q. Who would I ask if I wanted to know? 


A. Probably Michael Leach, Debra Daniel, or Gary 


Ullinskey. 
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page 1,°2, 37.4,°5 -- 1068 on’ page 


5. The C-12, page 4 paragraph. You see the paragraph I'm 


talking about? There is a "Comment." 


A. Yes. 
Q. It refers to a karst terrain. Would you tell 
See Corrections/SF 
me what you know aaout a karst terrain? What is it? 

A. I don't know anything about karst terrain. 

Q. Would you read that Comment and Reply there 
on that page and then I'll have a question to ask you 
about -it. 

A. (Reading. ) 

Okay. I read it. 

Q. Basically, this is saying that they're not 
going to monitor the springs for contaminents, in a 
nutshell? 

A. Yes. 

Q. There is no pollution that's going to show up 
in Havasu Springs or some other springs, is that basically 
what you're looking for? 


A. Yes, but you also need to reference A5 which 


Well, that's here too. 
Yeah. 
Incidently at the bottom of the page, C-14, 


page 4. You see that Comment and Reply relating to best 
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available technology. Is that the standard today? 


You're referring to C-14? 

Page 4, paragraph 5. Yes. 

"The Best Available Demonstrated Control 
Technology is part of the upcoming Aquifer Protection 
Permits program which is in the rule development stages 
and has not yet been enacted." 

QO. Okay. Isn't there a draft set out available 
for public review? 

A. There is a draft set that's going through the 
formal public hearing process at this time. 

0. Can you tell me the status of that set of 
regulations? 

A. We're hoping to adopt them sometime in the 
next four or five months. 

Q. Have they been approved by the governor's 
committee? 

A. 

Qe they been approved by the attorney 
general? 

A. No, the attorney general does not approve 
them until we send them over for certification at the very 
end of the process. 

Os So it's not in the certification stage yet? 


A. That's correct, but the attorney general had 
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input in the development of the draft. 


Ox Turn over two more pages, I believe, two 
more -- let's see -- yes. 

Middle of the page ; "Written concerns 
presented by Julie Hirsch." 
Do you see that? 

A. Yes.. 

Qs Go ahead and read her Comment and the Reply, 
would you, please. 

A. (Reading.) 

I've read it. 

Q. Okay. Now, if that pond leaks somehow, 
assuming that it's not adequate to prevent leakage, then 
that leaking is going to go into the vadose zone, is it 
not? 

A. Yes. 

Oe Whatever is in that pond will leech into the 
vadose zone? 

A. yes. 

O's Doctor, I have another one, you can go ahead 
and go through it. I think there is another one. I had 
them all stapled together, but the next document I have is 
a December 8, '87, memo which is the one that was referred 
to in this memo. It's a similar, looks like a similar 


response -- 
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Yes. 

Q. -- to public comment, dated December 8, '87, 
from Michael Leach, again, to Miguel Santiago. 

A. Yes. 

ae Do you know why there was one of these memos 
done in December of '87 and another one later in April of 
"88? 

A. Not -- I'm not completely sure why, but it 
appears to me that the comments in the December 8th one 
were from comments we received before the public hearing 
and the other one is comments from the public hearing. 

Q. Would you turn to page -- they're not 
numbered. Let's see. Page 6. 


The last Comment on the page relates to 


contingency plans in the event a great deal of water is 


encountered -- 
A. What page? 
Q. B5. You see the Comment about a great deal 
of water being encountered? 
MR. CARLOCK: I'm not with you yet, Russ. 
Where is that? 
MR. KOLSRUD: It's about five -- it's the 
sixth page in. 
oF BY MR. KOLSRUD: Do you see that Comment? 


A. Yes. 
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Q. Do you know if there is now a contingency 
plan for -- let's say they hit a gusher during the shaft 
Sinking. 

MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 

Q. BY MR. KOLSRUD: I'm simply asking you 
whether you know if there is a contingency plan. 

MR. SKARDON: To me, it goes into his extent 
and study of the record, and it's objectionable on that 
basis. 

Q. BY MR. KOLSRUD: Are you going to answer the 
question? 

A. No. 

Q. You see, in the middle of that, the Reply. 

It says, "In addition, these perched aquifers 


are commonly small, thin discontinuous and therefore prone 


to drying up if subjected to even short periods of 


seepage. 
Do you see that? 
Yes. 
Do you know where that information came from? 
Other than from Michael Leach, no. 
Is there any technical distinction between a 
perched aquifer in a karst formation and a shallow aquifer 


in a karst formation? 
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A. Not that I'm aware of. 

Q. Let's turn two more pages beyond that, over 
to the top. It says *Bl2.<" 

A. Yes. 

Q. Now, the Comments here -- go ahead and read 
the Comment. Go ahead and read the Comment and Reply so 
you're familiar with it. 

A. (Reading.) 


I've read that, but I would like to read All 


Go ahead. Wait a minte. Read what? 

Comment All. 

I'm sorry, Comment All. Go ahead. 

(Reading.) Okay. 

Do you know what type of clay the plug will 
consist of? 


A. No. 


Q. If I told you it was bentonite, would you be 


surprised? 

A. No. 

Q. Does bentonite self-heal when it's cracked, 
do you know? 

A. I don't know. I don't think so. 

O< Do you know if clay plugs really work in ia 


breccia pipe? 
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about a surface seal of this type, do you 


SKARDON: You said in a breccia pipe? 
MR. KOLSRUD: Yes. 


MR. SKARDON: I object to that question 


because the clay plug will not be in the breccia pipe, 


will be in 


Q. 
plug goes? 
A. 
Q. 
left after 
A. 
Q. 


they not? 


the Grimm 
Q. 
question? 
A. 


Q:. 


See Corrections/SF 
the mine trap next to the breccia pipe. 


THE WITNESS: He didn't ask me that. 
MR. KOLSRUD: I'm not talking about that. 
MR. SKARDON: Okay, object to the revelancy. 


BY MR. KOLSRUD: Do you know where the clay 


In the mine shaft. 


What's going to happen to the area that is 


the mining in the breccia pipe, do you know? 
No. 


Breccia pipes are formed by collapse, are 


MR. SKARDON: I'11 object to that. Based on 
case, direct him not to answer. 


BY MR. KOLSRUD: Are you going to answer the 


No. 


Look down the page, B-14. You see where it 
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says, the Comment, "@heremisqnomindicationminethesdnatt 


Do you see that? 
A. Yes. 
Q. And the response talks about a report from 
Errol Montgomery. Do you know him? 
Yes. 
Who is he? 
He's a hydrologist. 
Do you know him personally? 
I've met him once or twice. 
In connection with this permit? 
I don*t recall, 
When was the first time you met 
I don't recall. 
Was it while you worked for the department? 
Yes. 


Was it in a professional capacity? 


Do you know him socially? 
No. 
Do you know his reputation as a -- what did 


you call him -- a hydrologist? 
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A. 
Q. 
hydrologist? 


A. 


about it. 


Yes. 


Do you know of his reputation as a 


Yes. 

What is it? 

It's good. 

What do you "good"? 


I mean he's thought of. 


Do you know Montgomery had to say about 


No. 

Did you read his 

No. 

Do you know if anybody on your staff did? 

I don't know if they did. I assume they did. 
Well, who should have? 

The hydrology staff. 

Ullinskey? 

No. 

Leach? 

Yes. 

That's what I want to know. What he thought 
should ask him? 

Yes. 


That's the last page I have on this document. 
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I assume there was more. There is a B-15 Comment at the 
bottom and then a -- 
MR. SKARDON: That's all I've got too. 
CARLOCK: It's the same one I've got. 
KOLSRUD: That's all I got. 
WITNESS: That's all I have in mine too. 
SKARDON: This one is more complete. 
KOLSRUD: How many more pages are there? 
SKARDON: One more. 


KOLSRUD: Okay. I didn't get the 


CARLOCK: Can we run one of those 


MR. KOLSRUD: Yeah. Do you mind, I want to 
run this too, I'll do them both at the same time. 

Q. BY MR. KOLSRUD: Why don't we just go to the 
next document I've got in this packet which is the permit. 
Is this exactly the permit? I mean, I think it is. You 
did review the permit? 

A. Yes. 

De So this whole thing is the permit? All the 


way through to the attachment 1 which lists the 


references, correct? That's the last page of the permit? 


A. Yes. 


O. Okay. Next, I've got a document dated April 
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13, 1988, to Bob Mesta and it's an unsigned letter from 


Gary Ullinskey. 


Do you see that? 


ts Would you explain to me why this was 
something you reviewed in making a decision. 
MR. SKARDON: Object to that, based on the 


Grimm case, direct him not to answer. 


Q. BY MR. KOLSRUD: You did review this document 


in making a decision, correct? 
A. I'm not going to answer. 
Q. You're not going to answer whether you 
reviewed this document? 
MR. SKARDON: You can answer that question. 
THE WITNESS: Oh, I'm sorry. 
I reviewed it just now in preparing for this 
deposition, but I don't recall if I reviewed it before I 
signed the permit. 
Q. BY MR. KOLSRUD: Well, you were required 
under the subpoena to give me the documents that you 
reviewed in making your decision to issue the permit, 


correct? 


i. And this is a document that you supplied me 


in that regard, correct? 
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Yes. 


Q. Yet today you're not sure if this was one of 


those documents? 
A. Ss 
Q. What about -- tell me why 
relevant in making your decision? 
MR. SKARDON: Objection, based 
the witness not to answer. 
Q. BY MR. KOLSRUD: Are you going 
question? 
No. 
Do you know if this letter was 


No. 


document is 


on the Grimm 


to answer the 


ever sent? 


Doctor, the document I have is a letter 


dated December 18, 1987. 


Do you see that? It's from Linda Holden to 


Yes. 


Q. Somebody Audrey at the Arizona Daily Sun. 


permit to Energy Fuels? 


A. Yes. 
Q. Why? 
MR. SKARDON: Objection, based 


case, direct the witness not to answer. 
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Have you reviewed this document prior to issuing the 


on the Grimm 


Cr BY MR. KOLSRUD: This was a relevant 


document, as far as you were concerned, in issuing the 


permit to Energy Fuels, correct? 


A. Yes. 
Q. Explain to me why this one was relevant and 
Mr. Ullinskey's letter of December -- no, not December -- 
November 6, 1986, to EFN was not? Would you tell me that? 
MR. SKARDON: Objection, based on the Grimm 
case. I direct the witness not to answer. 
0. BY MR. KOLSRUD: Are you going to answer the 
question? 
A. No. 
Q. The letter and it has an attachment to it, 
does it not? 
Yes. 
What is that? 
The notice of public hearing. 
On this permit, correct? 
Yes. 
Or relating to the permit. And it was held, 
evidently, in or at least noticed for January 21 of '87. 
A. Yes. 
a. Is that right? 
MR. SKARDON: That might have been a 


misprint. 
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Q. BY MR. KOLSRUD: Was it? Do you know, 

Doctor? Was it a misprint? 

It appears that it should have been 1988. 

Do you know when the hearing was held? 

No. 

You did not attend? 

No. 

Doctor, the next document I have is 
interoffice memorandum dated October 22, 1987, from Leach 
to Miquel Santiago. 


You relied on this document in making your 


decision to issue Energy Fuels a permit, correct? 


A. Yes. 
Os Tell me what's in here that is revelant in 
making your decision to issue the permit to Energy Fuels? 
MR. SKARDON: Objection, based on the Grimm 
I direct the witness not to answer. 
Q. BY MR. KOLSRUD: Are you going to answer the 
question? 
No. 
Based on your attorney's advice? 
Yes. 
Is that why you are not answering these 
questions that he objects to and orders you not to answer? 


A. Yes. 
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Q. Would you turn to page 2. Well, let me give 
you a better, fairer shot at this. 

Why don't I read paragraph 3 beginning on 
page 1 over to page 2, and pay particular attention to the 
last two sentences. 

MR. SKARDON: Russ, this looks like the 
missing page from that earlier memo. It may have been 


miscopied -- yeah, it is. Page 2 of this memo is actually 


the last page of that previous, the December 8, 1987, 


memo. 

MR. KOLSRUD: Oh. 

MR. SKARDON: So you already have it. 

MR. KOLSRUD: Good. Well, let's talk about 
it. So, in other words, this memo is only one page. The 
reason -- they appear to go together though, even 
though -- you're right. It's amazing though. The 
paragraph 3 talks about the Springs and the Reply talks 
about the Springs. 

MR. SKARDON: But this is the last page. 

MR. KOLSRUD: Okay, we have got it. fThis is 
the last page of the December 8, 1987, memo, correct? 
Okay. Fine. Let's talk about it. 

0. BY MR. KOLSRUD: Do you have -- well, let me 
read, I'll read the Comment and you can go ahead and read 


the Reply to yourself. 
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"The entire population of the region around 
the Canyon Mine depends on groundwater from the 
Redwall-Mauv aquifer." 

And then this is the Reply. Would you plesae 
just take a moment and read it. 

A. (Reading.) 

I'm finished reading it. 

Q. The last sentence says, "Therefore, in 


general, there is actually very little use of the 


Redwall-Muav aquifer in the Canyon Mine area, especialy 


downgradient (north) of the Mine, and the groundwater 
quality sampling will assure that the water is not being 
effected by mining operations at the mine." 


What does that mean to you in the Canyon Mine 


MR. SKARDON: Objection, based on the Grimm 

I direct the witness not to answer. 

Oi. BY MR. KOLSRUD: You, sir -- you used this in 
and relied upon it in making your decision to issue the 
permit, correct? 

Yes. 


Now, tell me what the Canyon Mine area means 


MR. SKARDON: Go ahead. 


THE WITNESS: It just, to me, means the 
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spacial area within several miles of Canyon Mine. 


OF BY MR. KOLSRUD: How far? 

A. It's really hard to say. It could be, you 
know, several miles. 

You don't have an opinion? 
No, I really don't. 

Q. In other words, this does not mean to you the 
17-acre site, is that right? 

A. Oh, no. It's larger than that. 

0. All right. Now, the last clause says, "And 
the groundwater quality sampling will assure that the 
water is not being affected by mining operations at the 
mine. 

The groundwater quality sampling refers to 
the springs in the Grand Canyon, correct? 

Avs And the monitoring, yes. 


Os Let's look at the next paragraph B-16. You 


know, you can go ahead and read it. The questions I've 
got relate to the last sentence in the Reply about the 
underlying Redwall-Muav aquifer. 
A. (Reading. ) 
Okay. I finished reading it. 
(ais Relying on this document to make a decision, 
my question really is whether or what, to you, does the 


term underlying Redwall-Muav aquifer mean? And what I'm 
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getting at is, if you're looking at it from a specific 


site or something larger, the entire aquifer? Do you know 
or do you have an understanding? 

MR. SKARDON: I object, based on the Grimm 
case and direct the witness not to answer. 


Qs BY MR. KOLSRUD: Are you going to answer 


A. No. 

Q. Have you given any consideration to a lateral 
movement of water around or near or from the mine? 

MR. SKARDON: I object, based on the Grimm 
case and I direct the witness not to answer. 

Os BY MR. KOLSRUD: You going to answer the 
question? 

A. No. 

Q. Let's go back to this October 22, '87, 
memorandum. Was it just a one page document? It appears 
to be. There is an ML colon DL there. I suppose that -- 

A. It appears to me just to be one page. 

Q. Okay. Now, the next document I have is an 
undated, I guess, memo from Santiago to the file. Do you 
see that? 

A. ¥es. 

0. Was this attached to something, do you know? 


MR. SKARDON: This. 
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Q. BY MR. KOLSRUD: This was attached to this 


document, the long, legal size paper numbered 1 through 


Yes. 

Do you know when this was prepared? 

Sometime after March 10th, '88, and before 
the permit was signed. 


Q. But, in any event, you found this document 


important and you relied on it in making your decision to 


issue the permit, correct? 

A. Yes. 

Q. Why? 

MR. SKARDON: Objection, based on the Grimm 
case, I direct the witness not to answer. 

Q. BY MR. KOLSRUD: You going to answer the 
question? 

A. No. 

(or You're not going to tell me what's revelant 
about this document and why it is such that it's important 
enough to be relied upon to issue a permit to Energy 
Fuels? 

MR. SKARDON: Same objection, same direction. 
THE WITNESS: No. 
Q. BY MR. KOLSRUD: You won't answer the 


question? 
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Yes. 

Based on advice of counsel? 

Yess 

Can you tell me why this document is somehow 
more important than some other document in the file? 

MR. SKARDON: Objection, based on the Grimm 
case. I direct the witness not to answer. 

0. BY MR. KOLSRUD: You're not going to answer 

that either? 

Yes. 


Turn to page 5 under No. 2, Margaret Vic dash 


Do you see that? 
Yes. 
Q. There is a Comment about calculation of a 
500-year precipitation event. 
A. Yes. 


OQ. Do you know if there is some basis behind 


using a 500-year precipitation event as far as this permit 


is concerned? 
MR. SKARDON: I object to the form of the 
question, "some basis behind," what do you mean? 
Q. BY MR. KOLSRUD: Why 500 instead of a 
thousand? Can you tell me that? 


A. No, I don't know why we used 500. 
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Q. Do you know if there is specific data to the 


mine site relating to rainfall? 
MR. SKARDON: Objection, based 
case. I direct the witness not to answer. 
Q. BY MR. KOLSRUD: Or snowfall? 
MR. SKARDON: Same objection. 
Q. BY MR. KOLSRUD: Are you going 
question? 
A. No. 


Q. Would you look over on page 8, 


on the Grimm 


to answer the 


you see 


under -- on the right-hand side Reply, it says, "It is the 


opinion" 
SKARDON: Which one? 


KOLSRUD: The last clause. 


"It is the opinion of ADEQ that the Canyon 


Mine presents no threat to the underlying Redwall-Muav 


aquiver." 
THE WITNESS: Yes. 
BY MR. KOLSRUD: 
Yes« 


What is it based on? 


Is that your opinion? 


MR. SKARDON: Objection, baed on the Grimm 


case, direct the witness not to answer. 


Q. BY MR. KOLSRUD: You're not going to tell me 


what your opinion's based on? 
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A. No. 
0. Is it partially based on the documents you 
provided to me? 

MR. SKARDON: You can answer that. 

THE WITNESS: Yes. 

On BY MR. KOLSRUD: Is it based on anything 
else, besides the documents you've given to me? 

MR. SKARDON: To the extent you're asking 
what other information he received, you may answer, 
otherwise, I object based on the Grimm case. 

THE WITNESS: My decision to sign the permit 
was based on these documents plus discussion with staff. 

Oz BY MR. KOLSRUD: Who? 

A. I don't recall exactly, but it would have 
been Gary Ullinskey, Skip Hellerud, and Lyndon Hammon. 

Q. Was this your first discussion with staff 
relating to the issuance of the permit? 

No. 

May of '88? 

It was way before that, obviously. 

April? 


I just don't recall. 


Was it after you got this? "This" being the 


of Exhibit “No... +8. 


discussions before that. 
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Q. Tell me about them? What did you talk about? 
MR. SKARDON: Objection, based on the Grimm 
case. I direct the witness not to answer. 


Os BY MR. KOLSRUD: Did you ever have a 


discussion with Gary Ullinskey about it, about issuance of 


the permit? 
MR. SKARDON: You can answer yes or no, if 
you recall. 
THE WITNESS: I don't recall. 
o; BY MR. KOLSRUD: Did you have a discussion 
with Debra -- what's her name? 
MR. SKARDON: Daniels. 
Q. BY MR. KOLSRUD: Daniels, about issuing the 
permit? 
A. I don't recall. 
Q. Do you recall having a discussion with 
anybody on your staff about issing this permit? 
A. I remember discussing it with staff people, 
but I don't remember who. 
Q. To the best of your recollection, tell me 
what you said to them and what they said to you. 
MR. SKARDON: Objection, based on the Grimm 
case, and direct the witness not to answer. 
Ox BY MR. KOLSRUD: You're not going to tell me 


what they said to you? 


NIX & ASSOCIATES 


No. 
0. So we've got one of these documents that you 
relied on in issuing the permit, correct? 
A. Yes. 
Q. And we have discussion with staff that you 
won't tell me about in issuing the permit, correct? 
A. 
Q. What else? 
MR. SKARDON: To the extent what information 
was before him when he made his decision, otherwise, I 
object based on the Grimm case and direct him not to 
answer. 
THE WITNESS: I don't recall any other input 
or document. 
Ge BY MR. KOLSRUD: Okay. We have documents and 
discussion with staff, period? 
Yes. 
Nothing else? 
Yes. 
Okay. Did EFN provide you with written data 
on the monitoring well? 
MR. SKARDON: Him personally? 
KOLSRUD: The department. 


MR. SKARDON: Objection, based on the Grimm 


case, going into the manner and extent of his study 
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regarding the issuance of the permit. 


Q. BY MR. KOLSRUD: You did see the record 


before you came over here in preparation for the 


deposition, didn't you? 
A. 
GQ. In that, did you see any written memos to the 
file on the logs? 
A. No. 
No logs? 
No. 
No confidential file relating to the logs? 
No. 
No pump tests? 
No. 
on How about a hydraulic gradient? Anything in 
there about that? 
A No. 
Q. Anything relating to the -- I'm sorry ~- did 
I.ainterrupt you? I'm sorry. 
A. Yes. I'm not saying it isn't in there, I'm 
just saying I didn't review it and look at 
detail. 
0. Do you have any idea what the 
transmissivity is in this well? 


MR. SKARDON: Objection, based on the Grimm 
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case. I direct the witness not answer. 

Q. BY MR. KOLSRUD: Is there anything in 
file about the rate of transmissivity in the well? 

MR. SKARDON: Objection, based on the 

case, direct the witness not to answer. 

Q. BY MR. KOLSRUD: You did review the file 
before you came here? 

A. Yes. 

Q. Did you see anything about the rate of 
transmissivity in this well? 


Ax As I said before. I didn't look at the file 


in detail. I was looking at documents I relied on to make 


my decision and there was a lot of data in there, and I 
didn't look: at all of it. 

MR. KOLSRUD: Let's look at the permit. 
Maybe that will help. 

(Exhibit No. 9 marked for identification.) 

0. BY MR. KOLSRUD: Doctor, just take a quick 

look through that document No. 9, which is Exhibit 9 to 
your deposition and tell me if you can identify that 


document, please. 


A. Exhibit 9 is the Groundwater Quality 


Protection Permit, No. G-0004-03. 
Q. It's a true and accurate copy of the permit 


issued to EFN? 
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Q. In your experience, sir, is a karst system a 


normal aquifer system? 
MR. SKARDON: Go ahead, if you know. 


THE WITNESS: TI don't know. 


Q. BY MR. KOLSRUD: In a karst system, isn't it 


true that there is a great potential for high velocity of 


underground flows? 
Bis I don't know. 
Q. Do you know how water, subsurface water, 
flows on the Coconino Plateau? 
Not in detail, no. 
Well, tell me in general. 
Well, generally, it, you know, it will 
percolate down and the groundwater moves to the north, 
toward the Grand Canyon. 


oo Do you know how -- does it flow along 


fractures? Is that the only way it flows or do you know? 


I don't know. 

Who would know at the department? 
The hydrology staff. 

Leach? 

Yes. 


Anybody else? 


Debra Daniel. Her boss, Bill Wiley. And I'm 
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sure a lot of others. 

OQ. Do you know if there is any chance that this 
mine or the well, for that matter, somehow could be 
connected to a subsurface flow pipe that services Tusayan 
or some other domestic water user? 

MR. SKARDON: Subsurface flow pipe? 
MR. KOLSRUD: Yes. 


MR. SKARDON: You're asking about the mine 


MR. KOLSRUD: Do you want to read the 
question back? Why don't you read it back. 
(Pending question read.) 
MR. SKARDON: I'11 object based on the 
case and direct him not to answer. 
THE WITNESS: I'm not going to answer. 
Q. BY MR. KOLSRUD: You won't answer the 
question? 
A. No. 


Ois Do you know how the core samples on the 


drilling were tested for permeability? 


MR. SKARDON: Objection, based on the Grimm 
case. I direct the witness not to answer. 
Q. BY MR. KOLSRUD: Do you know? 
MR. SKARDON: Objection, I directed the 


witness not to answer. 
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tests anomalous? 
MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 


Q. BY MR. KOLSRUD: Isn't that why Ullinskey 


told Energy Fuels in the first place that this permit 


would not be issued? 

MR. SKARDON: Object, based on the Grimm 
case, direct the witness to answer. 

Q. BY MR. KOLSRUD: Do you know? 

MR. CARLOCK: I'11 object to the form of the 
question because I don't think there has been any 
testimony that that's what Mr. Ullinskey said. The 
notification was an application for a permit would be 
required. 

MR. SKARDON: I have objected based on the 
Grimm case and directed him not to answer that. 

Q. BY MR. KOLSRUD: Who reviewed the core 
samples on behalf of the department, do you know? 

MR. SKARDON: Go ahead. 

THE WITNESS: No. 

Q. BY MR. KOLSRUD: Do you remember if they were 
ever reviewed? 
A. No. 


Do you know how the ecological communities in 
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the Grand Canyon exist, relating to various springs and 


seeps? Do you have any knowledge of that? 
MR. SKARDON: Go ahead. 
THE WITNESS: No. 
ae BY MR. KOLSRUD: You are aware that EFN 
intends to use dynamite in the mining of this uranium, are 
you not? 
MR. SKARDON: Objection, based on the Grimm 
I direct the witness not to answer. 


Q. BY MR. KOLSRUD: You're not going to answer 


No. 

Do you know if they're going to use dynamite? 

MR. SKARDON: Same objection, same direction. 

Q. BY MR. KOLSRUD: You're not going to answer 
that question? 

No. 

On advice of counsel? 

Yes. 

Do you know if anybody on your staff has done 
any investigation as to the fractures that could be used 
by dynamiting in that breccia pipe? 

MR. SKARDON: Go ahead, if you know. 

THE WITNESS: I do not know. 


O« BY MR. KOLSRUD: If I want to know, who could 
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on your staff? 
A. Probably Gary Ullinskey or Michael Leach. 
@. But you don't know if they've done an 
investigation in that regard, is that correct? 
A. Yes's 
O. You have a copy of the permit in front of 
you, correct? 
Y@ss 
lt"s for 15 years, right? 
Yes. 
Why 15 years as opposed to some other length 
of time, do you know? 


I don't recall why we chose 15 years in this 


Well, who would I ask if I wanted to find 


Gary Ullinskey. 
Over on the next page it says "Part II, 
Specific Conditions," you see that? 
A. Yes. 
Q. Under No. 1, it says, "The facility shall be 


designed, constructed, and maintained such that there will 


be no migration of wastes or pollutants either directly to 


groundwater or to the vadose zone." 


Doctor, is that a finding you made or is that 
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a directive to EFN? 


A. 


Q. 


It's a directive in this case. 


Under A, you see in the first line, it says, 


"The operator shall be restricted to the disposal of mine 


water." 


You see the word, term, "mine water," there 


and "stormwater"? 


A. 


Q. 


water? 


Yes. 


And to the "lined impoundment" of the mine 


Is that water pulled out from the sump? Is 


that what it's supposed to do? 


A. 


Q. 


Yes. 


Would that include whatever solution and 


fluid is in the mine? If there is a solvent or something 


down there, 
that right? 
A. 


Q. 


it would. be pumped out into this impound, is 


yes. 


Now, the requirement is that the impoundment 


is supposed to be lined with Hypalon, is that correct? 


H-y-p-a=1l-o-—n. 


A. 


Q. 


Yes. 


Do you know why that was choosen as a lining? 


MR. SKARDON: Objection, based on the Grimm 


case, direct the witness not to answer. 
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Q. BY MR. KOLSRUD: Do you have any idea why? 
MR. SKARDON: Same objection. 
Q. BY MR. KOLSRUD: Do you know anybody on your 
staff that would know why? 
A. Gary Ullinskey. 


Q. Do you know if Hypalon is compatible with 


MR. CARLOCK: Object to the form of the 


question because I don't think the term "compatible" has a 


meaning in that context. 
Qs BY MR. KOLSRUD: Do you understand the 
question? 
Yes. 
Would you answer? 
Yes. I don't know. 
You don't know if it is? 
Yes, right. 
Well, if you mix acid in water, does acid go 
bottom, generally? 
A. No. 
It does not? What does it do? 
It goes into solution. 
Explain "into solution"? 
It becomes -- they don't separate. MThey 


become one solution. 
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). It doesn't -- it's not like a -- let's take 
an example -- propane. When propane sort of settles down, 
it sort of settles down into low, when it leaks, 
generally, it stays in a low area and doesn't dissipate 
very well. Would you agree with that? 

A. Yes. 

Q. Is that a -- is acid being dumped into 
water -- let's say, hydrochloric acid -- would that be the 
same thing? 

As The question is difficult to answer. Depends 
on the situation. 

In general, acid is more dense than water, 


and if you just poured it in very carefully, in a 


controlled situation, it would go to the bottom. But if 
See Corrections/S 


there is any kind of turbulance or whatever, it just goes 
right into solution and mixes up. 

Die Middle of that paragraph or actually 
three-quarters of the way down: The operator shall 
maintain a minimum of 3-acre feet of freeboard. 

What does that mean to you? 

A. The pond has a certain capacity and they are 
not allowed to fill it above a point where there is still 
3-acre feet of capacity. 

Q. Anything else? 


A. No. 
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Q. Do you understand the subsection about 
relating to the ore storage pads? 
A. Yess 


oO Is that pad monitored to determine whether 


any radioactive material leaks out? Is that part of the 


preparing for the permit? 
MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer the question. 
6. BY MR. KOLSRUD: Are you going to answer the 
question? 
A. No. 
Qs Do you know if there is going to be any 
on-site leeching at this site? 
MR. SKARDON: Same objection, direct the 
witness not to answer. 
0. BY MR. KOLSRUD: Do you know if there is 
on-site leeching of this site? 
MR. SKARDON: I've directed him not to 
answer. 
Q. BY MR. KOLSRUD: Are you going to answer the 
question? 
A. No. 
6: The mine, they'll have an air shaft and a 
mine shaft, correct? 


A. Yes. 
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Q. Where's waste from those two shafts going to 
go, do you know? 
MR. SKARDON: Objection, based on the Grimm 
direct the witness not to answer. 


BY MR. KOLSRUD: Are you going to 


Os After mining, what's going to be, 

going back into the breccia pipe, do you know? 
MR. SKARDON: I object to the question, based 

on the Grimm case and direct the witness not to answer. 

OQ. BY MR. KOLSRUD: Let's look over on page 3. 
See "Fuel Storage." 

A. Yes. 

O. The last sentence says, "Any spilled fuel 
shall not be allowed to enter the lined impoundment 
described in part II.A.1 above." 


Isn't the entire site designed so that all 


liquid, fluids, on-site will flow into that impoundment? 


MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 
Q. BY MR. KOLSRUD: Are you going to answer the 
question? 
A. No. 


Q. Where is it supposed to go, do you know? 
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MR. SKARDON: Objection, based on the Grimm 


case, direct the witness not to answer. 


Q. BY MR. 


KOLSRUD: Suppose the 12,000 gallon 


tank ruptures, what's going to happen to that, do you 


know? 


MR. SKARDON: Objection -- 


MR. KOLSRUD: Let me finish the question. 


Q. BY MR. 


the fuel? 


KOLSRUD: What's going to happen to 


MR. SKARDON: I direct the witness not to 


answer. 
Q. BY MR. 
question? 


A. No. 


KOLSRUD: Will you answer the 


Q. Under paragraph 4B, "Materials authorized to 


be disposed of in the septic tank," and it lists a few 


things. And then it says, "It shall not include mine 


water, motor oil, gasoline, paints, varnishes, laboratory 


wastes, solvents," and everything else. 


Do you know where that's supposed to go? 


MR. SKARDON: Objection, based on the Grimm 


case, direct the witness not to answer. 


Q. BY MR. 


KOLSRUD: Has anybody on your staff 


considered what's going to happen to those various items? 


MR. SKARDON: I'm objecting. 
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Q. BY MR. KOLSRUD: Do you know if anybody on 
your staff has done that, made a determination of that? 
MR. SKARDON: The witness -- well, look at 
paragraph C, Ron. 
Q. BY MR. KOLSRUD: Where is the nearest 
approved facility, do you know? 
MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 


BY MR. KOLSRUD: You won't answer, is that 


Less 


Okay. Let's go over to the next page, 


paragraph "Modification." 

In your opinion, is the permit -- can it be 
modified without giving any notice to the Havasupai Tribe? 

MR. SKARDON: Go ahead. 

THE WITNESS: Let me review it a second. The 
reason I'm hesitating is we've had a lot of discussion 
about modification of permits and what we need to do about 
public notice, and I'm not sure if there is any language 
in’ there. 

MR. SKARDON: Let me see that book. 

Q. BY MR. KOLSRUD: Let's take a hypothetical. 

Let's suppose, Doctor, let's take a 


hypothetical. Let's suppose EFN goes broke after they 
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sink the shaft in the airvent, is the modification permit 
necessary, in your opinion, in case they want to get, 
first.of all, the**modification, isn't it? 


A. Well, my reaction is, no. If they quit, then 


they're closing down their operation and that's covered in 


the permit. 

ae What if they can't afford it? 

A. That would be something we would do through 
our compliance activity working with the attorney 
general's office to decide what to do about it. 

oF Let's say that, suppose EFN came in and said, 
we want to mine beyond the depth of @@00 -- 

MR. JAMES: 1500. 

Q. BY MR. KOLSRUD: 1500 feet -- because this 
stuff is real good, hot uranium. Can they do that without 
notifying people? 

A. No. 

Q. Do you have any guidelines, written 
guidelines, as to how a permit is or can be modified after 
its issue? 

A. I'm not completely sure what we have there -- 
as I mentioned before, we have discussed that and I'm not 
sure where we ended up with that. We had some problems 
with modification of other permits and we worked on that 


issue and I'm not stre of the status of that at this time. 
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MR. SKARDON: Here we go. 

MR. KOLSRUD: Can I continue? 

MR. SKARDON: Go ahead. There is a rule 
regarding modification of permits. 

Ox BY MR. KOLSRUD: All right. The bottom of 
that page under the "Premining"™ section states that, "The 
regional aquifer shall be sampled, also, be sampled at the 
off-site springs:" And it lists Havasu, Indian Garden and 
Blue Springs. 

Do you know that that's been done? 
A. No. 
Q. Who would I ask if I wanted to find out what 


samplings have been done on these three springs? 


A. Staff in the compliance section and section 


manager is Sally Mapes, and I'm not sure which staff were 
working on that. 

Q. Now, the next page at the top, it says that 
the springs are sampled during flow periods at least once 
per year for the parameters in here. | 

If I wanted to find out where this sampling | 

is, that is, whether it's at the source or out of a wall | 
or how they did it, who would you talk to -- well, first 
of all, can you tell me? 

A. I do not know. I'm not quite sure who you 


would talk to. 
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0: Who's going to do the monitoring of the 
springs? 
The mining folks. 
EFN, correct? 
Yes. 


So, obviously, they'd be one person to talk 


to. The department is not going to do sampling, is it? 


A. Any sampling we would do would be part of our 
compliance program and I'm not sure if we will or not. 

Os But under the permit, you had no 
responsibility to do that? 

A. That's correct. 

oe Now, maybe I'm talking with the wrong person 
here, but tell me on paragraph 2 and 3 on that same page, 
which discusses the water producing zones and the 
monitoring period. 

For example, in paragraph 3, 60 days after 

obtaining all of the Phase I water quality data, if I 
wanted to find out why we have a 60-day time period here 
and if, then, there were problems occurring during that 


60-day time period -- can you answer those questions? 


Who would I talk to? 
A. The water permits unit staff, which would be 


Gary Ullinskey or Skip Hellerud. 
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Q. Is this one of the issues that you talked 
about or discussed with your staff when you were deciding 
whether to issue this permit? 

MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 
THE WITNESS: I'm not going to answer. 

Q. BY MR. KOLSRUD: You won't answer that 
question, is that correct? You won't answer that 
question? 

A. yes. 

Ox Who came up with the comprehensive list 
parameters that are raised in part 2 of this permit, do 
you know? 

The stage. 
Did you have any input in that list? 
Yes, I reviewed the list and it was -- my 


input was that it was adequate. 


0. Did you discuss it with anybody? 


A. I'm sure I did, but I don't remember any of 
the details. 

2. Was this just one of the meetings that you 
were telling me about earlier that you had with your staff 
before you decided to issue the permit? 

A. Yes. 


Q. Under the Phase II, Mining, paragraph 1. 
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Excuse me a second. I need to write a note 


Does that note have something to do with the 


Indirectly. 

What is it? 

MR. SKARDON: Looks like it's privileged. 
THE WITNESS: Yeah. 

MR. SKARDON: It's to me. 

BY MR. KOLSRUD: Is it to your lawyer? 
Uh-huh. 

What's it say? 


MR. SKARDON: Objection, based on 


attorney/client privilege, direct the witness not to 


answer. 


Q. 


record after 


MR. KOLSRUD: Let's go off the record for a 


(Lunch Recess.) 

(Exhibit No. 10 marked for identification.) 
BY MR. KOLSRUD: Okay. We are back on the 
a short break. Everybody's back. 


Doctor, I have just handed you what's been 


marked as Exhibit No. 10 to your deposition which you 


supplied me earlier today. Would you just review this 


briefly and tell me if you can identify it. 
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A. It's a memo that's not dated, handwritten, 
but has a stamp of February 24th, '88, from Jerry 
Breckenridge through Harley Hiett to Miguel Santiago. 

a Is this one of the documents you relied on 
when you made your decision to issue the Groundwater 
Quality Production Permit to EFN? 

A. Yes. 

MR. KOLSRUD: And for the record, I did not 
receive this pursuant to the subpoena, but I do 
acknowledge receipt of it here. 

MR. SKARDON: An oversight. I apologize. 

MR. KOLSRUD: No problem. I just wanted to 
make sure everybody knows why it was not provided earlier. 


Q. BY MR. KOLSRUD: Would you tell me why this 


document was relative to your decision to issue the permit 


to EFN? 
MR. SKARDON: Objection, based on the Grimm 

case, direct the witness not to answer. 

Os BY MR. KOLSRUD: You going to follow your 
attorney's advice and not answer that question? 

A. Yes. 

Q. This document consists of, let's see, one, 
two, three, four pages; correct? 

A. Yes. 


MR. SKARDON: Is yours out of order? 
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MR. KOLSRUD: Yeah, it's out of order, but 
that's okay. 


Q. BY MR. KOLSRUD: Page 1, down at the bottom, 


last clause says, "The field personnel have little, if 


any, information to assure that construction of required 
facilities is indeed adequate." 

What does that mean to you? 

A. You need to read the whole sentence. It 
includes, "Without plans designed and sealed by a 
registered professional with accountable expertise in the 
field of concern." 

And what that means is that Mr. Breckenridge, 
his job, is to inspect facilities during and after 
construction to make sure they're constructed according to 
our approval, and he'd like to have plans submitted to the 
department and approved by the department so he will have 
something to compare them against when he's making such an 
inspection. 

Q. Was that done in this case? 

A. I do not know. 

0. If I want to know, I would have to ask Mr. 
Breckenridge, would I not? 


A. Yes, or Mr. Lyndon Hammon would know that, 
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H-a-m-m-o-n. Lyndon. 
Who is that? 
Manager of the permit section. 


On page two it says, "For example, the 


following points require better definition and plan" -- 


what's that word? Can you read it?. "Or submittal 
approval by TRU." 

A. TRU, technical review unit. It's another 
unit under Lyndon Hammon. The permit unit is under him 
and the technical review unit is under him that reviews 
plans for facilities. 

Q. This list is your understanding -- your 
understanding of this list is what? 

A. He would like to have better definition of 

O« From who, EFN? 

A. Well, from them, yes, or in the plans that 
are submitted. 


Do you know if these issues were resolved? 


Q. To the satisfaction of anyone at the 
department? 

A. No,=I dont. 

0: Well, if they were not, would that concern 


you in issuing the permit? 


MR. SKARDON: Objection, based upon the Grimm 
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case, direct the witness not to answer. 


Q. BY MR. KOLSRUD: Would you please answer that 


question? 


A. I'm not going to answer. 


‘ a 
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Q. If I wanted to find out if tpsss concernes 


were resolved to the satisfaction of the department, who 


would I ask? 


A. Probably Gary Ullinskey. 


Os And would Mr. Ullkinskey tell me the answers 


to my questions or would your counsel object to my 
questions? 

MR. SKARDON: Depends on what questions 
you're asking. 

MR. KOLSRUD: The very same questions I'm 
asking him. 

MR. SKARDON: You're asking me now whether 
I'd object at that deposition? 

MR. KOLSRUD: Sure. 

MR. SKARDON: I can't speculate. I can't 
speculate at this point. 


MR. KOLSRUD: So you may let me ask Mr. 


Ullinskey these questions? 


MR. SKARDON: Which questions are you 
thinking of? 


MR. KOLSRUD: I want to know at the point 
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they issued the permit, if the concerns they raised were 


resolved to their satisfaction. 

MR. SKARDON: According to my understanding 
of his testimony, this was resolved to his satisfaction. 

MR. KOLSRUD: Sure. 

MR. SKARDON: I would probably permit you to 
ask that, but as far as Dr. Miller, pursuant to the Grimm 
case, you are not supposed to ask him about his thought 
processes and the manner and extent of his study of the 
records. 

Ore BY MR. KOLSRUD: Did you have any -- 

MR. SKARDON: Object -- 

MR. KOLSRUD: Would you mind letting me ask 
the question first. 

o BY MR. KOLSRUD: Doctor, did you have any 
mental processes relating to the issues raised in this 
interoffice memorandum? 


MR. SKARDON: Object, based on the Grimm 


case, direct the witness not to answer. 
Oe BY MR. KOLSRUD: That's a simple yes or no. | 
Could you answer that? 
A. Not going to answer. 
0. You did rely on this document regarding the 


issuance of a permit? 


MR. SKARDON: Documents he's relied on which 
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he used to make his decision. We have stated he used 
these and they were available to him. 
MR. KOLSRUD: I'll restate the question. 


Ox BY MR. KOLSRUD: You did rely on this 


document in making your decision to issue Groundwater 


Quality Protection Permit No. G-0004-03, did you not, sir? 


O's In your reliance there on No. 10, Exhibit 10, 
what mental processes did you go through, if any -- let me 
rephrase that. 

Did you go though any mental processes When 
reviewing this list of -- 

MR. SKARDON: Objection -- 

Q. BY MR. KOLSRUD: -- of 14 points made 
Mr. Breckenridge? 

MR. SKARDON: Objection, based on the 
case. I direct the witness not to answer. 

MR. KOLSRUD: He's doesn't know if he 
mental processes? 

MR. SKARDON: You are not supposed to probe 
the process by which he reached the decision to issue the 
permit. 

MR. KOLSRUD: So, I wasn't asking what they 
were, I asked if he did. 


MR. SKARDON: Exactly. 
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MR. KOLSRUD: I'm not asking what he thought, 


but if he thought anything at all. 

MR. SKARDON: That's asking what he thought. 

BY MR. KOLSRUD: You won't answer that? 

Yes. 

You choose to not answer the question? 

Yes. 

Well, let's go back to the permit. 

Doctor, on page 5 at the bottom "Impoundment 
Monitoring," do you see that? Are you there? 

A. Yes. 

Q. The operator, it says, "The operator shall 
inspect the impoundment for mechanical damage, seam 
failure, and maintenance of freeboard on a daily basis." 

How do you contemplate that being done? 

A. To me, it's just a visible look at it to see 
if there's any mechanical damage. To me, means visible 
tears, seam tears, would be to the rupture and maintenance 
of freeboard, to make sure you don't exceed the height of 
it. And also to see if there is a sudden loss of height, 
for some reason, elevation of the water level. 

Q. If the seam leaks at the bottom, do you think 
somebody will know underneath the freeboard? 

A. Depends on the type of leak. 


Ox There is no leak detection device on this 
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impoundment, is there, no requirement of one? 


A. No, there isn't. 

Q. Over on the next page, "Groundwater 
Monitoring." 

A. Yes. 

Q. There is a monitoring well on-site, isn't 
there? 

A. There is a monitoring well. I don't recall 
the location. 

0. You don't know if that monitoring well is on 
the 17-acre site? 

A. T “den tirécalti. 

OF Do you have any idea where that well's 
located with reference to the breccia pipe? 

MR. SKARDON: I'11 object, based on the Grimm 

case, direct the witness not to answer. 

Q. BY MR. KOLSRUD: Yes or no question. Do you 
know where the well is located? 

MR. SKARDON: I've already directed him not 

to answer. 

oe BY MR. KOLSRUD: You're not going to answer 
the question? 

A. Yes. 

Os You understand the question? Whether or not 


you know where the well is located, is that right? 
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answer. 
Q. 


hydraulic 


question. 
Q. 
question? 
A. 


Q. 


penetrated, 


aquifer? 


case, direct 


knows. 


no question, but it's still improper under the Grimm case 


MR. SKARDON: I will again direct him not 


BY MR. KOLSRUD: Do you know what the 


parameters of the aquifer are? 


MR. SKARDON: Object to the form of the 


What aquifer? 


BY MR. KOLSRUD: Do you understand the 


The Redwall-Muav aquifer. 


No. 


Do you know that the monitoring well 


whether the monitoring well penetrated the 


MR. SKARDON: Object, based on the Grimm 
the witness not to answer. 

MR. KOLSRUD: I'm simply asking whether he 
BY MR. KOLSRUD: Do you know? 


MR. SKARDON: 


and I've directed him not to answer. 


Q. 
question? 
A. 
Q. 


aquifer, 


BY MR. KOLSRUD: 


No. 


Do you know the storage coefficient of the 


Redwall-Muav aquifer? 
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Are you going to answer the 
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MR. SKARDON: Object to the question based on 
the Grimm case, direct the witness not to answer. 
0. BY MR. KOLSRUD: You going to answer the 
question? 
A. No. 


Gy When you issued the permit, Doctor, did you 


have any idea of the direction of the flow of the water in 


the Redwall-Muav aquifer? 
SKARDON: Object, based on the Grimm 
case, direct the witness not to answer. 

Q. BY MR. KOLSRUD: Would you answer that 
question? 

A. No. 

Q. Simple yes or no question. 

MR. SKARDON: That doesn't matter. 

OG. BY MR. KOLSRUD: Do you know who came up with 
the 24-hour period to suspend pumping to observe the 
static water level that's set forth in paragraph 3 on 
6? 

MR. SKARDON: Object, based on the Grimm 
case, direct the witness not to answer. 


Q. BY MR. KOLSRUD: Do you know who came up 


MR. SKARDON: I've directed him not to 


answer. 
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Oz BY MR. KOLSRUD: You won't answer that 
either? 
A. Yes. 


Q. Do you know whether the quarterly monitoring 


required here in paragraph 3 came from somebody on your 


staff? 

MR. SKARDON: Objection to the question, 
based on the Grimm case. I direct the witness not to 
answer. 

Ox BY MR. KOLSRUD: Did you discuss groundwater 
monitoring with anyone on your staff prior to the time you 
issued the permit? 

MR. SKARDON: Object to the guestion, based 
on the Grimm case and direct the witness not to answer. 

Q. BY MR. KOLSRUD: You're not going to answer 
any of those questions, Doctor? 

A. No. 

0. Well, you did indicate that you made your 
decision to issue this permit based on the documents that 
you gave me, correct? 

A. Yes. 

0. Plus discussions you had with staff, 
correct? 

A. 


Ow I want to know is: Who on your 


NIX & ASSOCIATES 


staff did you have these discussions with. 


MR. SKARDON: Go ahead. 


THE WITNESS: I don't recall the specific 
meetings and/or who I discussed it with. 

The potential people are Lyndon Hammon, Skip 
Hellerud, Gary Ullinskey, Miguel Santiago, Debra Daniel, 
and Michael Leach. 

O. BY MR. KOLSRUD: Now, do you recall any 
specific conversation with any of those people?? 

MR. SKARDON: You can answer that question, 
if you recall. Do you recall? 
THE WITNESS: I don't recall. 

Q. BY MR. KOLSRUD: Do you recall any specific 
meeting whereby you sat down with any of these people to 
discuss whether this permit should be issued? 

A. No. 

To discuss anything to do with the permit? 

A. Yes, I remember discussions, but I don't know 
dates and times and exactly who. 

Q. Did anybody on your staff tell you or advise 
you not to issue the permit? 

MR. SKARDON: Go ahead. 
THE WITNESS: No, not that I remember. 
Ox BY MR. KOLSRUD: Anybody on your staff advise 


you that you didn't have enough information and data to 
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issue this permit to the EFN? 
A. No. 
Q. Did anyone on your staff advise you to issue 
the permit? 
Yes. 
Who? 
For sure Lyndon Hammon and Skip Hellerud. 
For sure who? 
Lyndon Hammon. 
And who else? 
Skip Hellerud. 
Why did you say, "for sure"? 


They're the two supervisors that I depend on 


to give me advice on these types of things, when I have 


questions. 
Q. Do you have any independent recollection that 
they did that, either one of them? 
MR. SKARDON: Go ahead. 
THE WITNESS: I remember discussing it with 
Skip at different times and saying, "Go ahead." I'm not 
sure on Lyndon. 
Q. BY MR. KOLSRUD: What did Skip say? 
MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 


0 BY MR. KOLSRUD: Do you recall what he said? 
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MR. SKARDON: Same objection. 

MR. KOLSRUD: I was asking do you recall what 
he said. 

MR. SKARDON: Same objection -- or does he 
recall what he said? 

Go ahead and answer if you recall or not. 

THE WITNESS: Yeah, I recall. 

Q. BY MR. KOLSRUD: What did he tell you? Tell 

me what he said. 

MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 

Q. BY MR. KOLSRUD: We're talking about Skip 

Hammon? 

Hellerud. 

Hellerud. 

q~eri—1 «= 

-— @=-r-u-d. Okay. 

How about Mr. Hammon? Do you recall, as you 
sit here today, do you have any independent recollection 
of what he said to you about issuing this permit? 


A. Not specific discussions with him, but he 


signed the memo that was sent to me saying, you know, I 


should go ahead and issue the permit. 
0. There is a memo somewhere that says, "Go 


ahead and issue the permit," in this file? 
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A. Uh-huh. 
Q. Did you bring that with you? 
MR. SKARDON:' I'm not sure it's in this file. 
I don't -- take a look at the document. 
THE WITNESS: No, it's not in here. 
O. BY MR. KOLSRUD: So you didn't rely on that 
document to issue the permit? 
A. Not on a technical aspect, no. 
Q. I'm sorry. Not on a technical aspect? 
didn't follow that. 
A. Okay. In that he said to go ahead, and it 
was okay with him, and he had reviewed it and it was okay 
to issue it, yes. 


Q. Did somebody send it to him, also, indicating 


it was okay, quote, okay to issue the permit? 


A. I'm sure Skip Hellerud did. 
Q. Do you know -- do you know whether he did? 
MR. SKARDON: If you recall. 
THE WITNESS: I don't recall. I don't know 
if there is any documentation. 

Q. BY MR. KOLSRUD: Good. Well, if there is any 
documentation of either Hammon's or Hellerud's 
recommendation to issue this permit, shouldn't it be in 
the public file? 


A. There is a memo from Hammon to me that 
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transmitted it, and I don't have a copy of that here. 
MR. SKARDON: I don't have it either. 
Q. BY MR. KOLSRUD: Well, if I went and looked 
public file, could I find it? 
A. Yes. 


Q. How about Mr. Ullinskey? Do you ever recall 


any discussion with him over whether this permit 


be issued? 

I .don't recall. 

Could you have? 

Ves. 

How about Mr. Leach? 

I don't recall having any discussions whether 
I should issue the permit, but I could have had discussion 
with him about the technical aspects. 


Do you recall any specific discussion with 


No. 

How about Miss Daniel? Daniel or Daniels? 
Daniel. I don't recall. 

Anybody else? 

Not that I recall. 

Back to page 6, paragraph 4. 

The monitoring in the shaft is annual from 


each geological unit. 
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Did somebody from your staff come 


annual monitoring factor? 


MR. SKARDON: Objection, based on the Grimm 


and direct the witness not to answer. 


BY MR. KOLSRUD: Would you know where that 


MR. SKARDON: Same objection. 

BY MR. KOLSRUD: You won't answer whether you 
that came from, is that correct? 

Yes. 


Over on the next page, paragraph 5, "Springs 


Monitoring." 


I'm curious as to what data or evidence you 


have indicating Havasu Springs has to be monitored. 


there any 


question. 
Q. 
data that 


connected 


Do you know why that's true? Why it is? 
data? 

MR. SKARDON: I don't understand the 
Could you rephrase it? 

BY MR. KOLSRUD: Did the department have 
in any way indicated that Havasu Springs is 


hydrologically so that it must be monitored 


during this mining and postmining procedure? 


MR. SKARDON: Object, based on the Grimm 


and direct the witness not to answer. 


Q. 


BY MR. KOLSRUD: Did you see any data of 
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nature when you went through the file in preparation for 


the deposition? 
MR. SKARDON: Go ahead. 
THE WITNESS: No. 

Q. BY MR. KOLSRUD: Do you know why there aren't 
any other springs being monitored? 

MR. SKARDON: Object, based on the Grimm 
direct the witness not to answer. 

BY MR. KOLSRUD: You won't answer that? 

Yes. 

The second paragraph under No. 5 at the top 
"Water quality analyses from the Springs' monitoring 
not be subject to Maximum Groundwater Limits." 

Would you explain that to me? 

MR. SKARDON: Objection, based on the Grimm 
direct the witness not to answer. 

Q. BY MR. KOLSRUD: Was this idea -- did this 
exception that the Springs' monitoring doesn't have to be 
subject to the Maximum Groundwater Limit, was that your 
staff that came up with that? 

MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 


OF BY MR. KOLSRUD: Do you know where that came 


MR. SKARDON: Same objection. 


NIX & ASSOCIATES 


e 


Q. 


those 


Q. 
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BY MR. KOLSRUD: You're not going to answer 


questions? 

No. 

If I wanted to find out, who would I ask? 
Gary Ullinskey. 


Let's turn over to page ll, "Contingency 


Requirements." 


By the way, who drafted this permit? Did 


No. 


Somebody drafted it and you just signed it, 


is that right? 


case, 


direct 


Q. 


Yes. 

Did you read it first? 

Yes. 

MR. SKARDON: Okay. Go ahead. 
THE WITNESS: Yes. 


BY MR. KOLSRUD: Do you agree with everything 


Yes. 

Do you understand it? 

MR. SKARDON: Objection, based on the Grimm 
the witness not to answer. 


BY MR. KOLSRUD: Are you going to answer 
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Q. On page 11, under "Contingency Requirements," 


suppose there is an accident of some sort in the 


pollution -- and there is pollution of some sort in there 
and the permitee learns of it and notifies you, which is 
what's required for in here under that paragraph. In any 
event, what's going to happen? Is there ~-- do you know 
what would happen? Any sanctions that the department 
would exercise in that regard? 

MR. SKARDON: Go ahead. 

THE WITNESS: Yes, there are a lot of things 
that could happen. 

We have, as I mentioned earlier, a compliance 
group that follows up on violation of permits, rules or 
statutes, and they will be advised and take appropriate 
action. 

QO. BY MR. KOLSRUD: Okay. When the mining is 
finished and they're closing the mine in the shaft, has 
any consideration been given to whether the debris dumped 
into the shaft gee carretions/SE,. > 

MR. SKARDON: Objection, based on the Grimm 
case and direct the witness not to answer. 

Q. BY MR. KOLSRUD: Has anybody on your staff 
given that any consideration? 


MR. SKARDON: Objection, based on the Grimm 
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case and direct the witness not to answer. 
Q. BY MR. KOLSRUD: Do you know if anybody on 


your staff has given any consideration to that question? 


MR. SKARDON: Same objection, same direction. 


O'. BY MR. KOLSRUD: You won't answer that? You 


won't tell me who on your staff might have given that 
consideration? 

MR. SKARDON: I'm objecting to that and 
directing him not to answer. 

Q. BY MR. KOLSRUD: Okay. Well, let's try 
another one. 

Under paragraph E.3, "Within 30 days of the 
effective date of this permit, the permitee shall submit 
fuel spill prevention control plan certified by a 
Professional Engineer for the department's approval." 

Do you see that? 


A. Yes. 


Q. Has Energy Fuels, do you know if they have 


complied with that requirement? 
MR. SKARDON: Objection, based on the Grimm 
case and direct the witness not to answer. 


MR. KOLSRUD: This is postmining. This is 


MR. SKARDON: You're right. 


Go ahead and answer. 
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BY MR. KOLSRUD: 30-days after, do they 
comply? 


I don't know. 


Os If I wanted to find out if they have, who 


would I ask? 
A. Let me s¢@e. 
MR. SKARDON: I'11 object to relevance, but 
go ahead. 
THE WITNESS: Our compliance staff, since it 
doesn't say anybody else to submit it to. 
0. BY MR. KOLSRUD: Well, if they haven't done 
that, they're in violation of the permit, aren't they? 
A. Yes. 
0. Would you turn over to page 14, list of 
definitions. 
Am I correct in assuming these definitions 
are applicable to this permit? 
A. YES. 
Os Okay. I believe they come right out of the 
Regulations, is that true? 


MR. SKARDON: I'11 object, based on the Grimm 


MR. KOLSRUD: Okay. 
MR. SKARDON: You can look at the Rules 


yourself and see if they do. 
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Q. 
Let's look at 
you see that? 
A. 


Q. 


pie 


BY MR. KOLSRUD: Was that the intent here? 


No. 10. See, "Discharge Impact Area." Do 


for this permit? 


terms of dist 

description? 
QO. 

the question? 


A. 


shouldn't be 


nondischargin 


discharge 


MR. SKARDON: Do you mean specifically in 


ance or boundary or what or a general 


BY MR. KOLSRUD: Doctor, do you understand 


Yess 


Since it's a nondischarging facility, there 


Yves. 
Does that define the discharge impact area 


a discharge impact area. 

So there isn't any? 

Right. 

Now, would you explain to me what a 

g facility is? 

MR. SKARDON: Go ahead. 

THE WITNESS: A facility where there is no 


pollutant. 


BY MR. KOLSRUD: And this is such a facility? 
Yes. 


If that's true, why do you need a monitoring 
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MR. SKARDON: Objection, based on the Grimm 


case, I directed the witness not to answer. 
Q. BY MR. KOLSRUD: Why do you need to monitor 
the springs? 
MR. SKARDON: Same objection, same direction. 
Go ahead. 
Q. BY MR. KOLSRUD: Why was the NOD denied in 
the first place? 
MR. SKARDON: Same objection, same direction. 
ae BY MR. KOLSRUD: Could you explain those to 
me, answer those questions, sir? 
MR. SKARDON: I've directed him not to 
answer. 
Q. BY MR. KOLSRUD: You won't answer those 
questions? 
A. yes. 
Q. In your opinion, groundwater includes a 
perched aquifer, doesn't it? 
A. Yes. 
MR. SKARDON: Go ahead. 
THE WITNESS: Yes. 
Os BY MR. KOLSRUD: The rest of these are, I 
guess, are just regulations. 
I have a couple of more questions at the end 


here, on page 24, under "Confidentiality of Information." 
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I believe you testified that you're not aware 
of any confidential information relating to this permit, 
either requested from or by Energy Fuels or that's 
determined to be confidential by the State, isn't that 
Fight? 

A. Yes. 

Q. Now, if I want to dig a little deeper into 
that, who would I talk to? 

Pi Gary Ullinskey, I think, would be your best 


person to talk to. 


Q. Let's go back to the very, very last page 


under, "Reference." 
Would you explain to me, sir, you see No. 5, 
"Methods for Determination of Radioactive Substances in 
Water and Fluvial Sediments." 
Do you see that? 
A. Yes. 
Gs Can you explain to me why this was referenced 
in the issuance of this permit? 
MR. SKARDON: Object, based on the Grimm case 
and direct the witness not to answer. 
BY MR. KOLSRUD: You won't answer that? 
Yes. 
I have the same question for No. 6. 


MR. SKARDON: Same objection, same direction. 
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BY MR. KOLSRUD: Number 7? 
MR. SKARDON: Same. 
BY MR. KOLSRUD: 8? 
MR. SKARDON: Same objection, same direction. 
BY MR. KOLSRUD: 9? 
MR. SKARDON: Same. 
BY MR. KOLSRUD: LO? 
MR. SKARDON: Same. 
BY MR. KOLSRUD: Li? 
MR. SKARDON: Same. 
BY MR. KOLSRUD: And 12? 
MR. SKARDON: Same objection to all of those 
and direct him not to answer. 
Q. BY MR. KOLSRUD: You're not going to answer 
those questions? 
A. Yes. 
Q. Let's back up to 5 again. 
Did anyone on your staff rely on that 
reference to put together this permit, do you know? 
MR. SKARDON: Objection, based on the Grimm 
case, I direct the witness not to answer. 
Q. BY MR. KOLSRUD: If I want to find out what 


each of these references, what impact each of these 


references had on issuance of the permit, is there anybody 


I can talk to at the department? 
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me 


MR. SKARDON: Go ahead. 

THE WITNESS: Yes. 

BY MR. KOLSRUD: Who? 

The staff that drafts the permits. 
Well, who drafts the permits? 
Miguel or Gary. 

Gary Ullinskey? 

Uh-huh. 

Or Miguel Santiago? 

Yes. 

Anyone else? 

MR. SKARDON: Only if you know. 
THE WITNESS: Skip Hellerud, Lyndon Hammon. 


Q. BY MR. KOLSRUD: You have no personal 


knowledge as to why any of these references were included 


in this permit, is that correct? 
MR. SKARDON: Objection, based on the Grimm 
case, I direct the witness not to answer. 

Q. BY MR. KOLSRUD: You won't answer that? 

A. Yes. 

Os When you went through the documents to 
prepare for your testimony, did you happen to run across 
any documents in the file from Mr. Montgomery? 

A. No, none that I noticed. 


Nothing at all? 
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Q. Do you know how much influence Montgomery had 
on the issuance of this permit? 
MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 
O. BY MR. KOLSRUD: Do you know if he had any? 
MR. SKARDON: Same objection, same direction. 
Q. BY MR. KOLSRUD: Do you know if Mr. 


Montgomery has any personal relationship or relationships 


with anyone on your staff? 


MR. SKARDON: Go ahead. 

THE WITNESS: No. 

BY MR. KOLSRUD: You don't know? 

I don't know. 

Do you know whether Mr. Montgomery had 
informed your staff that perched aquifers, in fact, 
discharge into the Grand Canyon? Do you know that? 

A. No. 

Q. Do you know whether Mr. Montgomery had any 
information relating to the thickness of the Redwall-Muav 
aquifer? 

MR. SKARDON: Objection, based on the Grimm 
case, I direct the witness not to answer. 

Q. BY MR. KOLSRUD: Do you know whether Mr. 


Montgomery had any information relating to the 


NIX & ASSOCIATES 


transmissivity of that aquifer at the well site? 


MR. SKARDON: Same objection, same direction. 

0. BY MR. KOLSRUD: You won't answer that 
question? 

A. Yes. 

Q. Do you know whether the pattern of 
groundwater movement in the perched aquifers penetrated 
into the boreholes at the mine site? Do you know 
whether -- what the movement -- let me rephrase that. 

You do know that some of the boreholes 
achieved saturation in the perched aquifers, correct? 

MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 

Q. BY MR. KOLSRUD: You won't answer that? 

A. Yes. 

Q. Is the pattern of groundwater movement at the 
perched aquifers at the well site known? 

MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 

Q. BY MR. KOLSRUD: Who would I ask on your 
staff, if I wanted an answer to my question? 

A. Michael Leach or Debra Daniel. 

a. Did you consider that issue when you issued 
the permit? 


MR. SKARDON: Objection, based on the Grimm 
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case, direct the witness not to answer. 


oe BY MR. KOLSRUD: You won't answer based on 


your attorney's advice, isn't that true? 


Rs Yes. 
0. Do you know where Cataract Canyon is located? 
MR. SKARDON: Go ahead. 
THE WITNESS: Northern Arizona. 
Q. BY MR. KOLSRUD: Do you know where the 
Havasupai Reservation is located? 
A. Yes. 
OS Are you aware that part of it is located in 
Cataract Canyon? 
MR. SKARDON: Go ahead. 
THE WITNESS: As I recall. 
Q. BY MR. KOLSRUD: Do you know that the 
Cataract Canyon is downstream from the mine site? 
A. Yes. 
Q. And Havasu Springs is fed -- do you know it's 
fed from the Redwall-Muav aquifer? 
A. Yes. 
Q. And that an aquifer -- that's the one below 
the mine site, correct? 
A. Yess 
G. Is it your position that the maining facility 


of EFN at the Canyon Mine will not adversely effect 
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groundwater quality? 
MR. SKARDON: Go ahead. 
THE WITNESS: Yes. 
QO. BY MR. KOLSRUD: It's your opinion that the 
mining facility will not cause migration of wastes or 
pollutants to groundwater? 


A. Yes. 


Q. Is it also your opinion that the mining 


facility could not possibility cause migration of wastes 
or pollutants to the vadose zone? 
MR. SKARDON: Object to the relevancy of that 
question. 
Ors BY MR. KOLSRUD: Do you understand the 
question? 
MR. SKARDON: You can answer. 
THE WITNESS: Could not possibly cause 
migration wastes or pollutants in the vadose zone -- 
MR. KOLSRUD: In the vadose zone. 
©. BY MR. KOLSRUD: Doctor, what are you 
reading? 
A. I'm reading from the R9 Rule, R9-208. 
Q. I don't want you to sit here and read rules. 
I want you to answer my questions. If you want to take a 
break and go out and sit on the couch and read some rules, 


we can take 5 minutes for you to do that. 
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MR. SKARDON: Don't let him bother you. 
THE WITNESS: Would you repeat the question? 
oO. BY MR. KOLSRUD: Is it your position it could 
not possibly cause migration of wastes or pollutants to 
the vadose zone? 
MR. SKARDON: You can answer. 


THE WITNESS: Read the first part again for 


(Pending question read.) 
MR. CARLOCK: What is the question again? 
What's just been read back doesn't reflect my recollection 
of the question, but whatever the question is, I'd just 
like to be clear about it. 
MR. KOLSRUD: You want me to, I can ask the 
question again. 
Q. BY MR. KOLSRUD: Is it your testimony that 
the mining facility could not possibility cause a 
migration of waste or pollutants into the vadose zone? 
A. No. 
Q. Would you agree that the mining facility of 


EFN at Canyon Mine could possibly cause a measureable 


change to the physical character of groundwater by the 


addition of pollutant or waste? 
A. Did you use the phrase "could possibly" in 


there? 
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r did, 


That answer is yes. 


Is it your testimony that the mining facility 


of EFN at Canyon Mine could possibly 


cause a measureable 


change to the chemical charactor of groundwater though the 


addition of a pollutant or waste? 


A. Again, with the "could possibly," yes. 


OC. How about a biological character change? 


MR. CARLOCK: Is that the same question? 


MR. KOLSRUD: Same question. 


MR. CARLOCK: I object as being irrelevant. 


THE WITNESS: Probably not biological. 


Os BY MR. KOLSRUD: Would you agree that there 


is a possibility that Energy Fuels mining operation could 


discharge a pollutant into the water 
Arizona? 
MR. CARLOCK: Object to 
irrelevant. 
THE WITNESS:: Yes. 
0. BY MR. KOLSRUD: Do you 
Fuels' mining operation may have any 


quantity of groundwater available in 


of the State of 


that as being 


know whether Energy 


discernable change in 


the Redwall-Muav 


aquifer for use by the Havasupai Tribe or anyone else? 


MR. SKARDON: Objection, 


case, direct the witness not to answe 
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BY MR. KOLSRUD: You won't answer that? 
Yes. 


After the mining operation is through and 


stuff, is it your opinion, would you agree that subsequent 


to the mining operation there would be no physical change 
to groundwater? 

MR. SKARDON: Go ahead. 

THE WITNESS: Yes. 

BY MR. KOLSRUD: And chemical change? 

Yes. 

How about surface water? 

No change. 

MR. SKARDON: I'm sorry. I'm not certain 
that I understood it as an answer to the previous 
question. 

Was your answer there was no change to the 
chemical qualities? 

THE WITNESS: Yes. 


MR. SKARDON: I'm not sure you phrased the 


question that way. Was that your understanding of his 


answer? 


MR. KOLSRUD: Yes, it was. 


oe BY MR. KOLSRUD: By the way, do you know if 


Energy Fuels Nuclear, Inc. has gone by any other name? 


MR. SKARDON: You can answer. 
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THE WITNESS: No. 
0% BY MR. KOLSRUD: Are you at all familiar with 
Energy Fuels related companies, exploration companies, and 
how they operate one company to another? 
A. No. 


Sis Do you believe that Energy Fuels can 


reasonably comply with all aspects of the permit? 


Yes. 

Mechanically? 

I don't know. 

Technically? 

Yes. 

Physically? 

Yes. 

And that is based on your review of the 
documents we've already talked about and your discussions 
with your staff that we haven't talked about, right? 

MR. SKARDON: You can answer. 

THE WITNESS: Yes. 

Q. BY MR. KOLSRUD: Do you believe that there 
See Corrections/SF 
will be any leeching of uranium or metals after or 
postmining? 
MR. SKARDON: You can answer. 


THE WITNESS: No. 


BY MR. KOLSRUD: Is that because of the cap 


NIX & ASSOCIATES 
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that's placed on the top to prevent water from entering 
the shaft and airvent? 
MR. SKARDON: I object, based on the Grimm 


case, direct the witness not to answer. 


Q. BY MR. KOLSRUD: Do you know whether there is 


a rechargeable line to the wall of the aquifer from the 
breccia pipe? 

MR. SKARDON: Objection, based on the Grimm 
case, direct the witness not to answer. 

BY MR. KOLSRUD: You won't answer that? 

Yes. 

Do you know whether there is any chance that 
ore stored in or stored on-site will oxidize? 


MR. CARLOCK: The question is: Is there any 


MR. KOLSRUD: Any chance that any ore stored 
on-site will oxidize. 

MR. SKARDON: Objection, based on the Grimm 
case, instruct him not to answer. 

QO. BY MR. KOLSRUD: How about the waste ore 
dumped back in the shaft? Think there is any chance that 
would subsequently oxidize? 

MR. SKARDON: Same objection. 
Q. BY MR. KOLSRUD: You won't answer those 


questions? 


NIX & ASSOCIATES 


Yes, 
Q. Do you know whether there is any radium or 
radon problem at this mine site? 
MR. SKARDON: Same objection, same direction. 
Q. BY MR. KOLSRUD: You won't answer that 
either? 
Yes. 
Q. Are you aware that uranium is on the federal 
ultrahazardous waste list? 
MR. SKARDON: Same objection, same direction. 
Q. BY MR. KOLSRUD: Do you have anybody on your 
staff that is aware of that? 
MR. SKARDON: Same objection, same direction. 
Q. BY MR. KOLSRUD: Do you recall and do you 
believe the public has a right to be protected against 
pollution of drainage water? 
MR. SKARDON: Go ahead. 
THE WITNESS: Yes. 
Q. BY MR. KOLSRUD: And you believe the 


department is mandated to prevent that type of pollution? 


Q. Do you believe the DEQ is mandated under a 


nondegradation standard to prevent pollution of drinking 


water? 


MR. SKARDON: What are you referring to 


NIX & ASSOCIATES 


specifically? 

MR. KOLSRUD: Nondegradation. 

BY MR. KOLSRUD: Do you understand that? 

Yes. And I don't see that as our mandate. 

What is your mandate? 

Protecting the drinking water of the State 
for the beneficial use, or all water of the State, not 
just drinking water. 

Os To what extent? If it's not a nondegadation 
standard? 

A. It's based on standards you need to protect 
it based on the standards that are set for that predicted 
use of the water. 

Q. So when you talk about protection, we are 


saying some parts per million of pollutant can be in 


drinking water and when it gets over that, then it's your 


job to stop it,-cogrect? 
Yes. 
But up to that level, it's okay? 
In some instances, yes. 
And some, it's not? 
Yes. 
Give me an example when it may not be. 
The example that's easiest to give is, the 


one that comes to mind, is the Federal Law Clean Water Act 


NIX & ASSOCIATES 


has a backsliding statement related to surface water 
quality standards. And even if you exceed that, you're 
not allowed to backslide and go up to that level. 
Ox You're talking about discharge from like one 
source? 
A. Yeah, that would be one source, yes. 
MR. KOLSRUD: Let's take a few minutes. I 
want to go through my notes and I'm just about done. 
Q. BY MR. KOLSRUD: Doctor, did Energy Fuels 
post a bond to acquire assurance -- to insure that 
will comply with this permit? 
MR. SKARDON: Go ahead. 


THE WITNESS: No. 


BY MR. KOLSRUD: You have no rule requiring 


ves, | 


-- is that right? Do you know whether Energy 


Fuels conducted any percolation tests around the mine 


site? 
MR. SKARDON: Object, based on the Grimm 


case, direct the witness not to answer. 


Q. BY MR. KOLSRUD: If I want to know the answer 
to that, who do I ask? Mr. Ullinskey, could he tell me? 
A. Yes. 


QO. Doctor, are you involved, and by "you," I 


NIX & ASSOCIATES 
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mean the department, in any other hearings or litigation 


relating to the issuance or nonissuance of a Groundwater 


Quality Production Permit? 


A. 


Q. 
recall? 


A. 


Q. 


go ahead and 


Q. 


Yes, I believe we are. 


Can you recall which ones? How many? 


No, I don't remember. 

Ty 2r 10, -20? 

MR. SKARDON: Objection to the relevance, but 
answer. 

THE WITNESS: Probably less than 10. 


BY MR. KOLSRUD: Any one so far as being in 


Superior Court? 


and answer. 


MR. SKARDON: Same objection, but go ahead 
If you don't know -- 
THE WITNESS: I don't know. 


BY MR. KOLSRUD: If I wanted to find out the 


status those cases, where would I go? 


status 


time adjourn 


To Martha Seamen who's in our department. 


And she'll have a list of the cases and the 


Yes:. 
-- of each? 
MR. KOLSRUD: Doctor, I'm going to at this 


your deposition, pending a determination of 


NIX & ASSOCIATES 


whether or not you will be required to answer my 
questions. And I intend to pursue a Motion to Compel 
answers, as well as a request for attorney's fees, in this 


matter. So pending the determination of those issues, I'm 


going to adjourn at the present time. 


(Deposition was adjourned at 1:21 p.m.) 


RONALD L. 


NIX & ASSOCIATES 


STATE OF ARIZONA 


) 
) ss. 
) 


COUNTY OF MARICOPA 
CERTIFICATE 

BE IT KNOWN that the foregoing deposition 
was taken before me, Shari Fain, a Notary Public 
in and for the County of Maricopa, State of Arizona; 
that the witness before testifying was duly sworn by 
me to testify to the whole truth; that the questions 
propounded to the witness and the answers of the 
witness thereto were taken down by me in shorthand and 
thereafter reduced to computer print under my 
direction; that the deposition was submitted to the 
witness for reading and signing; that the foregoing pages 
are a true and correct transcript of all proceedings had 
upon the taking of said deposition, all done to the best 
of my skill and ability. 

I FURTHER CERTIFY that I am in no way 
related to any of the parties hereto nor am I in 
anywise interested in the outcome hereof. 


DATED at Phoenix, Arizona, this 9th day of 


Notary Public 


January, 1989. 


My Commission Expires: 
September 10, 1991 
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Exhibit No. a. PERT 
IN THE MATTER OF MINERAL LEASE ) ‘e 
APPLICATICN NOS. 11-9351 AND 11-9352 1 SHAR FAIN 
FOR THE STATE LAND DESCRIBED THEREIN. COURT REPORTER 
) 


DECISION AND ORDER 
APPLICANT: ENERGY FUELS EXPLORATION ‘rn 


The files of the Arizona State Land Department reflect: 


1. On April 11, 1986, the applicant filed the above referenced 
lease applications. 


o. Review of the application by the Department's Natural 
Resources Division determined: 


a. due to current pricing and demand of uranium, it is not in the 
best interests of the Trust to allow the mining of uranium ore from the 
Property applied for; 


b. due to the recognized potential .for surface water con- 
tamination in the Cataract Canyon watershed, approval of the applications 
by the State Land Department would place the State of Arizona in a position 
of liability for potential long-term negative impacts on the health and 
safety of those individuals who rely on water from cataract canyon; 


c. the location of the proposed mine sites present potential 
negative impacts to Native American cultural resource sites of religious 
Sign eleanges 


d. transportation of ore feck the mine site presents potential 
air and water quality impacts which are not pessible to predict. 


3. It is, therefore, determined that it is not in the best 
interest of the State Trust to approve the subject applications. 


IT IS ORDERED THAT Mineral Lease Applications dacs: 11-93519 and 
11-93520 be, and the same are hereby denied. 


This Crder shall become final and effective thirty (39) days from 
the date of this Order unless a request for hearing or review is filed 
prior to the expiration of that time pursuant to State Land Department Rule 
R12-5-01(R). : 


GIVEN under my hand and the official seal of the Arizona State 
Land Department this 26th day of Aucust, 1986. 


oo won fm Oo Fe B&H PP = 
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Certified No. 494432 Energy Fuels Exploration Co. 
One Tahor Center, Suite 2500 
1200 17th Street 
Denver, Colorado 80202 


Copy to: Attorney General's Office, Natural Resources Division 
Minerals Section, Natural Resources Division 
Public Counter - 


Appeal of this Order may be made to the State Land Commissioner, attention: 
Director, Contracts and Records Division. 
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Exhibit No. i 
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SHAR! FAIN 

COURT REPORTER 


October 29, 1986 


TO: . Chuck Anders 


THRU: VSkip ae Oe 
FROM: Gary Uirinskey Bdger OAD) 


RE: Canyon Mine, Energy Fuels Nuclear 


The purpose of this memo is to summarize the activity associated with the 
proposal to mine uranium near the south rim of the Grand Canyon by Energy 
Fuels Nuclear (EFN). 


The Water Permits Unit received a Notice of Disposal (NOD) for the proposed 
facility dated July 24, 1985. The NOD stated that the proposed mine 
workings, to a depth of 1400 feet, would not encounter water, but that a 
.lined surface impoundment was planned in the event that it did. On the 
basis of this information a Letter of Intent, signed by Skip Hellerud, was 
sent on November 18, 1985. 


Subsequently, due to the backlog of NOD's the file was assigned to Andy 
Rendes of SRO. He drafted a permit and requested that a Public Notice of 
Intent to Issue be published. Meanwhile, the file was reassigned to me, 
Gary Ullinskey. I reviewed the file and the materials Submitted in 
association with a NPDES application along with a hydrogeologic report 
prepared by Errol Montgomery & Associates. Montgomery's report, while 
acknowledging that little information for the area was available, indicated 
that the project vicinity was a groundwater recharge area and that 
generally the flow of groundwater was downward while some strata impeded 
the downward flow. It also indicated the presence of perched aquifers 
below the surface of the Coconino Plateau. It said perched aquifers may 
supply small springs in Grand Canyon and its tributary canyons. The 
underlying Redwall-Mauv aquifer is suspected to be the source for several 
large springs such as Havasu Falls. It concluded that "significant" 
effects on springs and groundwater were of low probability. 


ADHS: ADM Stock-102 (Rev 143) page 857 of 1,174 pdf 


While reviewing the Draft Environmental Impact Statement (DEIS), I noticed 
that the applicant intended to continue exploratory underground Jrilling 
and mining below the 1400' level. I concluded that the information in NOD 
was incomplete and inconsistent with the DEIS and other available informa- 
tion. 


In April, 1986, I wrote EFN a letter requesting additional information and 
clarifications including the volumes and expected quality of the mine 
water discharge, liner design, a site plan, a water management plan, and 
the status of a State air quality permit. Mr. Harold Roberts called and 
wanted to meet with me and discuss the project. 


On June 3, 1986 we met. In attendance were Harold Roberts, Richard Munson 
their corporate counsel, Sheldon Muller, Chuck Gordon, Roger Kennett and 
me. 


Mr. Roberts expressed distress about the need for additional information 
because of the November Letter of Intent. He stated that, in the future, 
his proposals would contain minimal information and no pollution control 
technology. 


I expressed my concerns about the potential for radioactive contamination 
of the underlying aquifer and the surface soils through which precipitation 
will percolate. Usable quantities of water have been found in the area at 
depths of less than 150 feet. I asked if EFN could give an estimate of the 
quantity and quality of the mine water. They replied that they could not. 


This statement ithout such information I could not adequately 
is false andEF determine that the project did meet the criteria of 208.A and that a permit 
should have application would be appropriate. 

known the 


mining areais Mr. Munson became agitated and asked how I could make such a determination 
not dry. The fact Without adequate information. Mr. Roberts asserted that the mining zone 
that EF started 1S dry and that their exploratory drilling showed it. I asked him to 
dewatering the supply drilling logs for the holes and their operation plan. I said that 
mine in 2013, I would defer a decision until I had reviewed the logs and plans. 

would suggest 

that they did Mr. Roberts sent bore-hole logs for 18 exploratory holes. Some were dry, 


know the but more than half indicated that drilling had encountered saturated zones. 
mining area is 
not dry. I contacted the National Forest Service, to check the status of the Final 


Environmental Impact Statement. It was due to be completed in September. 
In mid-September, Mr. Roberts called to ask the status of the project and 
if there was any additional information required. I told him that some 


problems remained, such as the depth of mining in the operation plan and 
DEIS being inconsistent with the NOD. 


EFN wanted to mine the entire ore body. 
Does the “entire orebody” include the ore in the lower Supai Group? 


Based on this information, and a recently published DWR study of the southern 
Coconino Plateau, I determined that there was a potential for pollutant 
discharge. Additionally, I have developed a mistrust of the accuracy of 
information supplied by EFN. On September 24, 1986 I sent a letter requiring 
a permit application. 


Bill Wiley has assigned Debra Daniel to the case, and I had scheduled a 
pre-proposal meeting with Mr. Victor and Mr. Montgomery for October 30th. 


On October 27th I received a letter from Richard Munson which challenges my 
determination to require a permit application. Bill Wiley has subsequently 
requested that [ cancel the October 30th meeting pending additional review 
of the project. 


The earliest possible date that a permit could be issued, if we follow the 
permit application process, would be approximately March or April, 1986. 


GMU/ jh 
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SHARI FAIN 


COURT REPORTER 
INTER-OFFICE MEMORANDUM 


TO Chuck Anders, Assistant Director Date: Nov. 4, 1986 
for Environmental Health Services 


THRU: Bill Blackman, Manager 
Office of Emergency Response 
and Environmental Analysis 


Ronald L. Miller, Ph D., Manager 
Office of Waste & Water Quality Management 


Bill Wiley, Manager way 
Groundwater Hydrology Section 


Skip Hellerud, Manager We 
Groundwater Permits Unit 


FROM: Debra Daniel, Acting Manager w 
State Permits Hydrology Unit 


Gary Ullinsky, EHS II La. 
Groundwater Permits Unit : 
RE: Energy Fuels Nuclear, Inc. - Canyon Uranium Mine 


Energy Fuels Nuclear, Inc. has filed an NOD with ADHS to obtain a Groundwater 
Protection Permit associated with development of a Uranium Mine south of the 
Grand Canyon. Due to its high visibility, we feel it is appropriate that ADHS 
management be briefed on the project. (See attached newspaper clippings.) 
The U.S. Forest Service has recently completed an Environmental Impact 
Assessment and has approved this project with some air and water monitoring 
requirements. A proposed action for a NPDES permit has also been issued by 
EPA with ADHS concurrance. (Attached) Note that ADHS has previously issued an 
Notice of Intent to issue a Groundwater Permit (letter dated 11-18-85), 
followed by a notice withdrawing this intent on 9-24-86, as a result of 
additional data submitted on August 1, 1986. The notice states that a full 
Permit Application is needed. The applicant is protesting this action. (See 
letter dated 10-24-86). 


Finally, The Arizona State Land Department (ASLD) has recently denied two 
separate applications for uranium mining on state land within Cataract Canyon 
(attached map). Environmental Issues were identified as a major reason for 
this denial. 


Chuck Anders 
Page 2 
Nov. 3, 1986 


Project Description 


EFN has proposed to mine uranium on 17 acres of U.S. Forest Service Land 
approximately 6 miles south of the town of Tusayan and 13 miles from the rim 


of the Grand Canyon. Uranium would be mined from 900 to greater than 1400 


and extracted thru a shaft leading to the surface. Ore would be stored at the 
surface on crushed limestone pads and transported through Flagstaff to EFN 
mill in Blanding, Utah. 

Major areas of concern raised in the EIS included potential increases in local 
exposure to radiation, impacts to wildlife, contamination of ground water 
supplies, fugitive dust, transportation accidents, aesthic concerns, surface 
water runoff, and affects on Indian religious rites and practices. An 
additional concern raised during the EIS is that EFN has greater than 100 
uranium claims in the vicinity and that cumulative impacts of the development 
of these claims are not known. Major opponents of the project include the 
Havasupai and Hopi Indian Tribes, Environmental Groups and citizens. Major 
Proponents include several Utah local governments, mining companies and local 
residents. Economic reasons were sited for their support. 


ADHS Involvement 


In order to prevent additional public disagreement over the appropriate way to 
handle this permit, the following actions are recommended: 


Ss ADHS Division and Office Management brief staff on the State and 
Department position relative to this permit. Include a discussion of 
the impact of ASLD decisions on ADHS action: 


as ADHS internal staff meetings to iron out a consistent position prior 
to meeting with applicant and their representatives. 


WDW: bk 
Attachments 
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ARIZONA DEPARTMENT OF HEALTH SERVICES 


BRUCE BABBITT, Governor 


BOYD DOVER, Acting Director November 06, 1986 
Mr. Richard Munson 
Energy Fuels Nuclear, Inc. DE. MNiLLee 
One Tabor Center No. - : 
Suite 2500 ial Ae ce 


1200 Seventeenth Street Ry: SHARI FAIN 
Denver, Colorado 80202 COURT REPORTER 


RE: Canyon Mine, 85-134 
Dear Mr. Munson: 


This letter is in response to your letter of October 24, 1986, regarding the 
determination that the above referenced facility will require a permit 
application. 


Pursuant to R9-20-208.A, the Director shall issue a permit based on the Notice 
ee eee eee 
Director, that: hee 


1. The facility or disposal system or both will be or are 
designed and constructed such that there will be or is 
no migration of wastes or. polIntants either directly 
to groundwater or to the vadbse zone; or 


2. It will not dispose hazardous wastes either directly to 
groundwater or to the vadose zone. 


Pursuant to R9-20-208.B, the Director shall issue a permit based on a it 
application if the applicant demonstrates that no wastes or pollutants will 
<tc cai cleckqeemtities to viclahe aicousl eeaiiencer 
quality standards. 


The Department disagrees that the drill logs (actually hore-hole logs) verify 
your position. The logs indicate that the boring encountered saturated zones 


to preclude this possibility has been submitted in the context of the Notice 
of Disposal (NOD). Energy Fuels Nuclear (EFN) has not been able to provide 
pre 8 fourm Bas) or apilbewr bing “wag wera! oP mopcmbee 


dumping of low grade uranium ore into the abandoned shaft. Since EFN has 
y demonstrated 


that the canditions of R9-20-208.A cannot be met by the 
ent ty aaa a Permit Application is required, 


The Department of Health Services is An Equal Opportunity Affirmative Action Employer 


Mr. Richard Munson 
Energy Fuels Nuclear, Inc. 
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foot devel. sowever, information contained in the DEIS and FEIS contradicts 
NOD. SO, Pp for the monitoring well to be required by the FEIS have 
not been submitted to ammend the NOD. At this point, the Permit Application 


is the proper mechanism for the resolution of these discrepancies and other items 
of concern which must be addressed prior to issuance of a permit. 


If you have any questions regarding this letter, please contact me at 
(602) 257-2270) . 


Richard L. Harlan, Dames and Moore 


DR. MILLER 
Ss 


Exhibit No. 

é ee SARI FAIN 
S 
! COURT REPORTER 
y MEMO 
‘ 
: November 195, 1986 
: 
f Tas Rom Miller 
2 
3 Fram Gary Ullinskey 
: Re: Canyon Mine - Update 
J ale 78S DWR issued a drilling permit for a water supply weil ye ad 
4 offices. (Geqeaker says they do mat have autherity ta ariiii a 
} manitcaring well). 
: Po oe -os EFN began clearing and grading tne :f acre site ana 
{ suosecuertiy started drilling a 2300+ feet deep hole. 
4 
t k : . st 
: Ll-i2-86 Per telephone conversation with Hammon, Mimaail aqgreea 
2 that =FN's cansultant, Dames and Moacre, wonlG oravice information 
* ard correct ceficiences in the NOD. 
4 
: ae ; 2 bask, 
3 a 221-24-8 EPA ordered EFN te stop drilling because the NPDES 

. permit was not final. 
: Li-i?-86 =FN asved ta withdraw its NPDES permit aspliicaticn. 
i .i-i9-66 ERG aspreved the witdrawal and simuitanecusly Liftec tne 
5 cesist orcer. AZ Repudlic publishea an article which says Venrnis 
Z Land of N&S wants the drilling of the maniterine weit ta oreceec. 
% 
, Nate: ayartiagcy has not anposraved tne lacatiar aor construction of a 
“ WILT img well. Lithalemic and weéetermave cata Fram nercnec 
§ acuULTers siould be collected during criiling. we rave nev ceen 
: sravicec tne appertunity ta specify what ings af informatian 
: anculd oe collected during drilling. Alisa, tne cissasai ar 
i criiling muds and preduced waters shouid be recuiated under R-3-£u 
: ar possibly under the EQA. 
j { “eocounmendat ions: Allew driliing to preceea if pracer cata 1S 
3 ' seing caolilected. Assert that the NFS appreval is ror sufficient 


, ano Sragect must mat proceed without State adproval. 


me 


DOR, Mire 
a 


Exhibit No: £2 
Date: 


SHARI FAIN 
energy fuels nuclear, Inc. COURT REPORTER 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 


December i, 1986 


Ronald L. Miller, Ph.D. 

Office of Waste Water Quality Management 
Arizona Department of Health Services 
Central Palm Plaza Building 

2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Canyon Mine, 85-134 
Dear Dr. Miller: 


This letter is written as a follow-up to the meeting which 
took place on November 24, 1986 at the offices of the Arizona 
Department of Health Services (ADHS). In attendance at the 
meeting were representatives of ADHS, the Arizona Attorney 
General’s Office, Energy Fuels Nuclear, Inc. ("Energy Fuels"), 
Errol L. Montgomery and Associates ("EMA"), and Dames and Moore 
("D&M"). 


As we indicated in our letter to Mr. Gary Ullinskey dated 
October 24, 1986 (a copy of which is attached for your refer- 
ence), and reiterated through Mr. David P. Kimball in the course 
of arranging for this meeting, it was our expectation that this 
meeting would provide the appropriate members of your staff with 
the opportunity to ask whatever technical questions about our 
pending Notice of Disposal ("NOD") for the Canyon Mine which they 
might have, so that the appropriate Groundwater Protection Permit 
could be issued in the near future. To facilitate this exchange 
of questions and information, we arranged to have Mr. Montgomery 
and Mr. Victor of EMA, Mr. Richard Harlan of D &M, as well as 
technical representatives of Energy Fuels, present at the 
meeting. As you know, EMA is the consultant selected by the U.S. 
Forest Service to analyze the groundwater issues associated with 
the Canyon Mine, and Mr. Harlan of D & M is the consultant 
selected as Fuels to review and confirm the studies per- 
formed by , 


Given the expense incurred by Energy Fuels to make these 
various technical experts available at the meeting, you can 
appreciate our disappointment when your staff was not prepared to 
discuss in any detail any specific questions or concerns about 
our NOD at the meeting. In light of the fact that our NOD has 
been pending since July of 1985, the advice received by Energy 
Fuels in November of 1985 of the intent of ADHS to issue the 
Groundwater Protection Permit on the basis of the NOD, our 


Ronald L. Miller, Ph.D. 

Arizona Department of Health Services 
December 1, 1986 
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meeting with Mr. Ullinskey on June 3, 1986, and our subsequent 
correspondence and data submittals, we had expected the November 
24 meeting to be a productive working session in which any 
outstanding technical issues could be openly discussed and 
resolved. 


Although ADHS did not identify any outstanding technical 
questions at the meeting, ADHS did agree that it would submit to 
us in writing by December 8, 1986 a list of all remaining tech- 
nical questions which it believes need to be addressed before a 
formal notice of intent to issue a permit can be made. Upon 
receipt of this list, Energy Fuels will promptly provide ADHS 
with its responses. In this regard, I encourage your staff to 
contact EMA or D & M in the process of formulating your questions 
so that unnecessary duplication can be avoided. 


It was also indicated by you at the meeting that upon receipt 
of our responses to the written submittal of ADHS, ADHS would 
proceed as expeditiously as possible to formal permit issuance. 
Because of the notice and hearing provisions, it was estimated 
that a formal Groundwater Protection Permit would be issued 
within three or four months. While we are disappointed that a 
permit cannot be issued in a shorter period of time in light of 
the substantial delays which have already occurred, we accept 
your estimate and will work with your office in every way we can 
to insure that these estimates are met. 


On the substantive issues, we are confidant that once Ms. 
Daniel thoroughly reviews the detailed hydrologic and hydro- 
geologic materials prepared by EMA for the U.S. Forest Service on 
the Canyon Mine Project and the specific drill hole data pre- 
viously provided by ee Fuels to Mr. Ullinskey, she will 
concur with the prior ADHS hydrologist, Mr. Chuck Gordon, that 
Energy Fuels is entitled to a finding by the Director that it is 
entitled to a permit on the basis of the NOD submitted. In the 
terms of R9-20-208.A, the no migration standard has been satis- 
fied, and the studies by EMA make clear that in any event there 
is no reasonable probability that any pollutants from the Canyon 
Mine facilities will reach an aquifer within the meaning of the 
new Aquifer Protection Permit Statute. 


We believe we have responded in a timely and complete manner 
to all requests for information that have been provided to us to 
date and we will continue to provide all information requested. 
We look forward to receiving the final list of questions on our 
NOD from ADHS by December 8, 1986, and to the formal issuance of 
a Groundwater Protection Permit for the Canyon Mine shortly 
thereafter. 


Ronald L. Miller, Ph.D. 

Arizona Department of Health Services 
December i, 1986 
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We would sincerely appreciate your personal involvement in 
the forthcoming evaluation of our NOD and the data submitted in 
connection therewith. With your help we are_ sure that the 
permitting process will now be able to progress expeditiously. 


Sincerely, 


Brad L. Doores 
Vice President - Legal and 
Regulatory Affairs 


BLD: vlh 
cc: Mr. Charles Anders 
Mr. Gary M. Ullinskey 
Mr. David P. Kimball, III 


—s 
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O02. MALvrze 
Joe P. Sparks (#2383) 


i 
Date: a 
Margaret J. Vick (#9330-4) SHARI FAIN 


SPARKS & SILER COURT REPORTER 
7503 First Street 

Scottsdale, Arizona 85251 

602/255-1474 


Russell A. Kolsrud (#004578) 
PERRY, PIERSON & KOLSRUD 
Suite 500 

3636 North Central Avenue 
Phoenix, Arizona 85012 
602/264-5866 


Attorneys for The Havasupai Tribe 


BEFORE THE DIRECTOR 
OF THE ARIZONA DEPARTMENT 
OF ENVIRONMENTAL QUALITY 
IN THE MATTER OF GROUNDWATER ADMIN. DOCKET NO. D-19-88 
QUALITY PROTECTION PERMIT 


) 
) 
NO. : G-0004-03 ) SUBPOENA DUCES TECUM 
) Re Deposition 
) 
) 


Ron Miller, Ph.D. 

Assistant Director 

Arizona Department of 
Environmental Quality 


THE STATE OF ARIZONA TO: 


YOU ARE COMMANDED to appear and give testimony at the time 
and place specified below: 


BEFORE WHOM APPEARANCE TO BE MADE: Court Reporter 

DATE AND TIME OF APPEARANCE: Monday, December 19, 1988 
9:00 a.m. . 

PLACE OF APPEARANCE: PERRY, PIERSON & KOLSRUD 
3636 N. Central Avenue 
Suite 500 


Phoenix, Arizona 85012 


YOU ARE ALSO COMMANDED to bring with you and produce these 


—— 
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See Exhibit 


nar 


books, papers, documents or tangible things: 


attached hereto. 


You have been subpoenaed by: Russell A. Kolsrud 


Perry, Pierson & Kolsrud 
3636 N. Central Avenue 
Suite 500 

Phoenix, Arizona 85012 
602/264-5866 


YOU ARE HEREBY NOTIFIED THAT ANY FAILURE TO OBEY THIS 
SUBPOENA WITHOUT ADEQUATE EXCUSE MAY BE DEEMED A CONTEMPT OF THIS 


SIGNED AND SEALED this date: 


— 
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EXHIBIT "A" 


1. All documents you relied upon in making your decision to 
issue Groundwater Quality Protection Permit No. G-0004-03. | 
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Inter-Office Memorandum 


DATE: April 5, 1988 


TO: Miguel Santiago 
Water Permits Unit 


THRU: Debra Daniel, Manager P 
State Permits Hydrology Unit 


FROM: Michael Leach, Hydrologist MD aves y 
State Permits Hydrology Unit ee Ti | 
Date: 
RE: Canyon Mine - Responses To Additional Comments on Draft Groundwater, 
Quality Protection Permit No. G-0004-03. 


Additional comments have been received regarding hydrogeologic considerations 
surrounding the proposed Canyon Mine. These comments were submitted as a re- 
sult of the Public Hearing for the above referenced facility recently held in 
Flagstaff. Replies which address their concerns will be presented by page and 
paragraph number of their written submittals and from the Public Hearing tran- 
scripts. Concerns that were previously addressed in my December 8, 1987 memo 

to yourself which are repeated in present concerns will be referenced according- 
ly. Written concerns that are repeated by an individual during the Public Hear- 
ing will not be addressed more than once. Also, a brief summation of each 
concern will be given before each reply. For the sake of clarity, designation 
of comments will begin with the letter "C" since "A" and "B" were used in the 
previous memo concerning this facility (12-8-87). 


G. Written concerns presented by Pamela Adams (2-17-88). 
C1. Page 1 - Paragraph 1 


Comment: This permit perpetrates the position of blind accep- 


tance of industry data without the severe and thorough scrut- 
inizing of a knowledgable regulatory agency. 


Reply: It is the practice of ADEQ to examine all hydrogeologic 
data which is relevent to a particular facility. The Ground- 
water Protection Permit Program requires the permit applicant 
to submit data in support of the permit. This data along with 
any other data on the area available to the Department is re- 
viewed for accuracy and consistency. This process is followed 
for all Groundwater Protection Permits. As discussed in my reply — 
to Comment A1 of my 12-8-87 memo, the facility is considered 

to be non-discharging and it is the opinion of ADEQ that the 
information reviewed for this facility (presented in reply to 
Comment B14 of 12-8-87 memo) is adequate to complete a hydrol- 
ogic review. 


C2. Page 1 - Paragraph 3 
Comment: Assumptions such as path shape of mineralized water 


draining from the bottom of the mine being an inverted cone 


ADEQ ADM Stockh (Rey. 4-87) 


C3. 


defies a knowledge of breccia pipes and fracture systems. The 
production of a breccia pipe leads to a fracture system which 
widens near the top of the feature. Mineralized water will 
naturally follow these fractures producing a smaller wetted area 
than that predicted by the consultants. 


Reply: First of all, the main mine shaft is not in the breccia 
pipe itself but vertically adjacent to it. Horizontal shafts 
are shot into the sides of the pipe directly to the best ore 
concentration zones as determined by exploratory borings. This 
mining technique minimizes the amount of mine shaft in the bre- 
ccia pipe. In addition,. the breccia pipe to be mined is fully 
mineralized which means that the materials within the pipe have 
been recemented and fine-grained carboncaceous materials have 
filled the void spaces. As a result, the mineralization process 
has created an impermeable zone within the breccia pipe. Lab- 
oratory tests on rock cores from the Canyon Mine breccia pipe 
have given hydraulic conductivities less than 10 ~ cm/sec. 
Therefore, any mine water encountered in the horizontal mine 
shafts within the breccia pipe would not percolate into the 
pipe formation but instead would be collected in the sump at 
the base of the mine shaft (not within the breccia pipe) and 
pumped to the surface impoundment. 


Breccia pipes consist of two interrelated parts: the collapse 
cone and throat (attached figure). Similar in formation to karst 
sinkholes in the southeastern U.S., breccia pipes in the Grand 
Canyon region originate in the Redwall Limestone. The throat 
consists of the downward displaced and brecciated strata as young 
as the Triassic Chinle Formation. The collapse cone surrounds 


-the throat above the Coconino Sandstone level and was caused 


by dissolution within the Kaibab and Toroweap formations. Its 
area of influence is much wider than the throat and can be ex- 
pressed on the plateau surfaces by concentric, inward-dipping 
beds. Uranium mineralization is found mostly within the throat 
in strata that range from the Toroweap Formation to the Supai 
Group (Krewed] and Carisey, 1986). 


Secondly, during exploratory drilling operations no evidence 

of faulting or fracturing around the Canyon Mine breccia pipe 
was found. Even if fracturing is present in the underlying 
Redwell-Mauv the bottom of the mine shaft is over 1000 feet above 
the regional water table and is found in the top of the Supai 
Formation (sandstone). There is no reason to think that a 
fracture system would be common to two separate rock formations 
and extend nearly 1000 feet. Due to the lack of fracturing 

in the rock formations overlying the Redwell-Muav, percolation 
of any mine shaft water could roughly resemble the shape of an 
inverted cone distorted by lateral flow at impermeable layers. 
The layering within Supai formation would have the greatest con- 
trol over spreading of fluids in the subsurface. 


Page 1 - Paragraph 3 


Comment: There is a very high probability that the the monitor- 


C4. 


C5. 


C6. 


C7. 


ing well will not intersect an area of potential contamination. 


Reply: Please refer to the replies to Comments A5 and A8 of 
my previous memo (12-8-87). 


Page 1 - Paragraph 3 


Comment: Other statements such as the calculated slow rate of 


hydraulic conductivity implies a poor knowledge of the reality 
of a highly fractured and faulted geologic region. 


Reply: Please refer to the second part of the reply to Comment 
C2. 


Page 3 - Paragraph 2 


Comment: The spring monitoring schedule of at least once per 
year is inadequate. In a karst aquifer system the monitoring 

of springs is the most effective and efficient method of discov- 
ering pollutants. The spring sampling should be conducted at 
least quarterly to reflect varying hydrologic conditions. 


Reply: Upon my initial review of the Draft Groundwater Quality 
Protection Permit for the Canyon Mine it was recommended in my 
memo of 10-22-87 that semi-annual sampling of the springs should 
take place. It is the opinion of ADEQ that semi-annual sampling 
of these springs will account for any varying hydrologic con- 
ditions. 


Page 3 - Paragraph 3 


Comment: An independent party should be collecting and analyz- 
ing samples to verify field and laboratory techniques. 


Reply: It is standard practice for Groundwater Quality Protec- 
tion Permit applicants to be responsible for completing the samp- 
ling requirements prescribed in their permits. As a check on 
field sampling procedures and data validity it is proposed that 
ADEQ obtain split samples with EFN of monitor well and spring 
water samples during the initial round of sampling, and annually 
afterwards. This practice will ensure that EFN follows the 
correct field sampling procedures and also validate the water 
quality data obtained from the laboratory retained by EFN, and 
therefore eliminate the need for an independent party to obtain 
samples for EFN. All samples cotlected as prescribed in the 
permit will be analyzed by a state certified laboratory, not 
Energy Fuels Nuclear (EFN). 


Page 3 - Paragraph 4 


Comment: The term "water producing zones" needs to be defined. 
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C8. 


C9. 


Civ. 


C11. 


The amount of water that constitutes a zone needs to be quanti- 
fied. 


Reply: The term "water producting zones" in the case of the 
Canyon Mine means a geologic unit(s) or parts of a geologic unit 
which contain groundwater that may seep into the mine upon shaft 
sinking. The quantity of mine inflow water necessary to qualify 
as a water producing zone for monitoring of inflow quantity and 
quality should be the minimum amount of water necessary to reg- 
ister on the flow measurement device or to obtain a water sample. 
This volume will most likely be in the area of a few gallons 

per minute. 


Page 3 - Paragraph 5 


Comment: The statement that sampling needs to be completed on 


an annual basis for geologic units that continue to produce 
water needs to be expanded. A quantitative value for the amount 


of water should be included in the permit. 


Reply: Please refer to the reply to Comment C7. 


Page 3 - Paragraph 6 


Comment: Significant inflows should be reported to the ADEQ 
at the time of their discovery, not on a quarterly basis, for 


high water yields could impact mine operations. The term sig- 
nificant needs definition. 


Reply: Please refer to the replies to Comments A9 and B7 in 
my previous memo (12-8-87). 


Page 3 - Paragraph 7 


Comment: Spring monitoring should be conducted on a quarterly 
basis, instead of an annual one, to detect seasonal variations 


in hydrologic conditions. 


Reply: Please refer to the reply to comment C5. 


Page 3 - Paragraph 7 


Comment: Other springs in the area should be tested to estab- 
lish baseline conditions and then be sampled on a routine basis 
to reduce the chance of missing pollutants that are moving 
through the groundwater system. 


Reply: Determination of baseline conditions of the springs will 
be accomplished with the use of previous water quality data ob- 
tained from the springs and pre-mining spring sampling. It is 
the opinion of ADEQ that the springs to be sampled (Havasu, 


Cl2. 


C13. 


C14. 


C15. 


Indian, and Blue) are representative of the water quality in 
the Redwall-Mauv aquifer downgradient of the mine site, espec- 
ially, as Ms. Adams mentions, since over 90% of the outflow of 
the Redwall-Mauv occurs from these springs. 


Page 4- Paragraph 1 


Comment: In a karst terrain, monitoring wells are not particu- 
larly effective in the detection of pollutants. Emphasis should 
be placed on the spring monitoring programs. 


Reply: It is the opinion of ADEQ that the current spring moni- 
toring program is adequate in detecting any contaminants present 
in the Redwall-Mauv. Also, please refer to the reply to Comment 
A5 in my previous memo (12-8-87). 


Page 4 - Paragraphs 2, 3, and 4 


Comments: The condition that allows the sampling to be discon- 
tinued when the sampling location is no longer accessible is 
totally inadequate. The sampling program should be discontinued 
after _a_long, fixed time period of no unusual chemical events. 


Comment: Abandonment of the program should not be based on aver- 
age concentrations less than the MGL. This could potentially 
diminish the importance of a sample that shows higher concentra- 
tions and indicates the beginning of a pollution plume being 
averaged with lower, normal readings. 

Comment: The concept that an anomalously high sample will be 
rejected is absurd. The high values may be an indication of 

a pollutant slug moving through the aquifer. 


Reply: Please refer to the reply to Comment A11 in my previous 
memo (12-8-87). 


Page 4 - Paragraph 5 


Comment: The permit does not demand the highly touted "best 
available technology" implied as the standard in earlier ADEQ 
organizational meetings. 


Reply: The Best Available Demonstrated Control Technology 
(BADCT) is part of the upcoming Aquifer Protection Permits pro- 
gram which is in the rule development stages and has not yet 
been enacted. 


Page 4 - Paragraph 6 


Comment: An independent study of the geohydrologic conditions 
at_ the mine site is sorely needed. This should be conducted 


AP ial waitcinds ESM ie <o iin Mice Sc ce oePOR Le jobs vests BE Shee ond 


(dee ee 


C16. 


C17. 


C18. 


C19. 


C20. 


by a state or federal agency familiar with unbiased, scientific 
research and developed with an emphasis on understanding the 
karst aquifer system. 


Reply: Please refer to the reply to Comment C1. 


Page 4 Paragraph 7 
Comment: A non-toxic dye should be introduced into the holding 


onds on a regular basis to make leak detection and isolation 
easier. This will greatly enhance the process of determinin 
if mine leakage or pollutants in the monitoring well analysis 


is derived from the holding ponds. 


Reply: It is the opinion of ADEQ that the impoundment monitor- 
ing requirements prescribed in Part II.B.1.b. of the draft per- 
mit are adequate. 


Page 5 - Paragraph 5 


Comment: In karst terrains spring monitoring is the most ef- 
fective method of detecting pollutants. All the springs in the | 
area should be monitored, as groundwater flow is not accurately 
known. Perched aquifers above the Redwall Limestone are import- 


ant sources of water for desert bighorn sheep and other canyon 
wildlife. 


Reply: Please refer to the reply to Comment C5. Also, please 
refer to the reply to Comments A6 and B5 in my previous memo 
(12-8-87). 

Page 5 - Paragraph 6 


Comment: Groundwater sampling should periodically be performed 
by an outside agency to verify sampling techniques. 


Reply: Please refer to the reply to Comment C6. 


Page 5 - Paragraph 7 


Comment: The monitoring program needs to continue for some time ~ 
after the abandonment of the shaft. The program should include 
spring monitoring along with well monitoring. 


Reply: Please refer to the reply to Comment A11 in my previous 
memo (12-8-87). 


Page 5 - Paragraph 8 


Comment: The entire mine shaft should be lined with clay to 


assure that heavy metals dissolved in leaking waters will bind 
with the clays and not enter the groundwater system. 


Reply: This proposed activity is not realistic or feasable. 
Please refer to the reply to Comment A1 in my previous memo 
(12-8-87). 


CC. Concerns of Pamela Adams voiced at the 2-18-88 Public Hearing. 


CET. 


Page 24 - Paragraph 5 


Comment: There are several assumptions in the Montgomery Re- 
port that other hydrologists have all claimed are wrong, and 
yet you (ADEQ) don't even question that. 

Reply: It is the purpose of the Public Hearing and public com- 
ment period for members of the public to express their views 

on the proposed permit. As of the end of the public comment 


period (3-10-88) only one prominent hydrologist had submitted 
any comments to ADEQ and his concerns have been addressed. 


D. Written concerns presented by Julie Hirsch (3-10-88). 


D1. 


D2. 


D3. 


Page 1 - Paragraph 6 


Comment: Fine-grained bedding material described as "sandy 


material" and 4 inch gravels will act like a sieve, and will 


fail to prevent passage of pollutants into the vadose zone in 
the event of a defect in the impoundment liner. 


Reply: The purpose of the sands and gravels beneath the lined 
impoundment is to provide a solid,uniform base and not to provide 
a deterrent to impoundment seepage into the vadose zone. It 

is the opinion of ADEQ that the synthetic liner proposed in the 
permit will be adequate in preventing pond leakage. 


Page 2 - Paragraph 3 


Comment: Were the baseline water characteristics determined 


before or after site disturbance? If they were determined after 
site disturbance, proposed methods for determination of signif- — 
icance of samples are ill founded and misleading. 


Reply: It is unclear what Ms. Hirsch is calling a site distur- 
bance. Certainly the monitor well installation at the site did 
disturb the area, but it is ncessary in order to obtain the water 
quality baseline characteristics. All baseline data will be 
obtained prior to mining operations. 


Page 2 - Paragraph 4 


D4. 


D5. 


D6. 


Comment: Methods for sampling the supply/monitoring well will 


tend to dilute samples. 


Reply: It is unclear what Ms. Hirsch is referring to in this 
statement. If it is the practice of removing three well vol- 
umes of water before obtaining a sample, it should be noted that 
this is standard procedure for well] sampling since a fresh 
groundwater sample is being obtained which is more representa- 
tive of the aquifer. 


Page 2 - Paragraph 5 


Comment: What are significant inflows? How many cubic feet? 
Mine inflows should be monitored closely cane particularly 
since test wells CYN-14c and CYN-3 hit fluid levels at 885 feet 
and 907 feet, respectively. 


Reply: Please refer to the reply to Comment AQ in my previous 
memo (12-8-87). ALso, it is the opinion of ADEQ that quarterly 
monitoring of mine inflow water during mining operations is ad- 
equate. 


Page 2 - Paragraph 6 


Comment: Why will spring water quality not be subject to Maxim- 


um Groundwater Limits? 


Reply: According to the Draft Environmental Impact Statement 
(DEIS), previous sampling of Havasu, Indian Gardens and Blue 
Springs indicates that detectable concentrations of radioactive 
elements are currently present. Breccia pipes similar to the 
pipe found at Canyon Mine and other mineral deposits are believ- 
ed to be common in the Grand Canyon region. Therefore, no MCL's 
will be placed upon the spring water because any contaminants 
detected at the springs may not be traceable to the Canyon Mine 
or any other specific source, especially considering the large 
distances from these springs to the Canyon Mine. The three 
springs are being monitored because local Indian tribes have 
expressed concern over potential spring contamination, and no 
wells or other springs presently exist between the mine site 

and the three monitor springs that obtain las from the 
Redwal1]-Mauv. 


Page 2 - Paragraphs 7 and 8 - 


Comment: The proposed post-mining monitoring is inadequate. 
Sample discontinuation should be based upon individual samples 


within the MGL, not an average. Monitoring must be continued 
for a defined time period based upon flow rates between the mine 
site and springs. 

Comment: Individual concentrations that exceed the MGL by more 


DD. 


than the standard deviations used for routine monitoring must 
be followed by intensive sampling. High values must not be re- 
jected as anomalous. 
Reply: Please refer to the reply to Comment A11 in my previous 
memo (12-8-87). 

D7. Page 2 - Paragraph 9 


Comment: Intermediate test wells must be monitored between the 


mine site and the springs, presently there are no provisions 
for intermediate monitoring sites. 


Reply: Please refer to the reply to Comment A6 in my previous 
memo (12-8-87) 


D8. Page 2 - Paragraph 10 


Comment: It must be proven that the mine site production/moni- 
tor well is properly placed to accurately reflect impacts of 
the mining operation upon groundwater quality. 


Reply: Please refer to the reply to Comment A5 and A8 in my 
previous memo (12-8-87). 


Concerns of Julie Hirsch voiced at the 2-18-88 Public Hearing. 


DD1. Page 40 - End of Page 


Comment: EFN should not be allowed to do their own monitoring 


and an independent monitoring agency should be employed for this 
mine. 


Reply: Please refer to the reply to Comment C6. 


DD2. Page 41 - Paragraphs 1 and 2 


Comment: An independent board of hydrologists should review 
this permit. 


Comment: There are several prominent hydrogeologists who have 
comments on this permit and feel that sections are inadequate. 


Reply: Please refer to the reply to Comment CC1. 


DD3. Page 41 - Paragraph 4 


Comment: If EFN was not drilling a production well would they 
be required to drill a well for monitoring purposes? 


E. 


Reply: Please refer to the reply to Comment A5 in my previous 
memo (12-8-87). 


Written concerns presented by Max Strumia (3-9-88) 


El. 


ES 


Eos 


E4. 


Page 1 - Paragraph 3 


Comment: Gravels .25 inch or smaller are porous. Why use a 
porous material under the liner? 


Reply: Please refer to the reply to Comment D1. 


Page 2 - Paragraph 1 


Comment: If your aim is water quality porotection, then why 


increase baseline by two standard deviations? Why not lessen 
the tolerance rather than increase it? 


Reply: As stated in the draft permit, the purpose of Phase I 
monitoring at the on-site well is to determine baseline ground- 
water conditions. A statistical analysis of background data 
will be undertaken to show the natural variability in chemical 
levels in the waters to be sampled. This analysis includes the 
establishment of an arithmetic mean of previous data plus two 
standard deviations of this data from the mean to reflect the 
natural variability. This practice is very common and does not 
establish background levels which are in excess of higher back- . 
ground concentrations obtained from previous samplings. 


Page 2 - Paragraph 2 


Comment: The regional aquifer will be monitored at only 3 loca- 
tions (springs), and some miles from the mine, only once per 
year, and during flow periods which tend to dilute any pollu- 


tants. This is inadequate. 


Reply: Please refer to the reply to Comment C5. In addition, 
it should be added that the springs must be flowing in order 
to sample them. 


Page 2 - Paragraph 3 


Comment: When a really high concentration (post-mining, Phase 
III at monitor well) is observed, you do not insist on pursuing 
it but reject it as anomolous. Absurd, inadequate, and written 


in the operator's best interests. 


Reply: Please refer to the reply to Comment A11 in my previous 
memo (12-8-87). 


EE. Concerns of Max Strumia. voiced at the 2-18-88 Public Hearing. 


EEvs 


EE? . 


EES. 


Page 33 - End of Page 


Comment: No organization can be given reign to monitor their 
own activities. 


Reply: Please refer to the reply to Comment C6. 


Page 37 - Paragraph 5 


Comment: Annual sampling of the monitor well and the springs 
is ludicrous because it is after the fact. What good does it 


do to monitor a spring once a year when it might have been con- 
taminated six months previous? 


Reply: Please refer to the reply to Comment C5. Also, in the 
event of pollutants being present in the Redwall-Mauv aquifer 
that have emanated from the mine, it is very unlikely that con- 
taminants would move through the aquifer in a "slug", especially 
when you take into consideration the ability of contaminants 

to disperse, slow groundwater velocities in an aquifer (even 

a karst aquifer) environment, and the great distances to these 
springs. 


Page 39 - Paragraph 4 


Comment: I'd like to see monitoring happen once a month, with 
self-monitoring report forms due at the end of each month, and 


that information made public the minute it comes back from the 
lab. 


Reply: It is the opinion of ADEQ that the prescribed sampling 
frequencies are adequate. Upon submittal of the laboratory re- 
sults to ADEQ, these results will become available to the pub- 
lic. 


F. Written comments submitted by Frank Findlay (3-10-88). 


F1. 


Page 2 - Paragraph 1 


Comment: All of the area (Canyon Mine) consists of highly 
fractured limestone that does not hold water such as stock ponds 


without lining or special treatment. 


Reply: The surface impoundment at the facility will have a syn- 
thetic liner. In addition, the Kaibab Limestone which appears 
at the ground surface is not found at the base of the proposed 
mine shaft which would be the only other point at which potent- 
jally contaminated water could percolate to the regional aquifer. 
The base of the mine shaft will be found within the Supai Form- 


ation which has exhibited very little or no fracturing as based 
upon exploratory drilling operations. 


F2. Page 3 - Paragraph 2 


Comment: The proposed pad for storage of uranium ores will not 
work if it is constructed of limestone and shale, and there should 


be an impervious membrane under the compacted material, as for 


the pond. 

Reply: The Applicant utilizes limestone in the construction 
Limestone will not of the ore pads because the limestone has a neutralizing effect 
neutralize or inhibit any and thereby results in the precipitation and deposition of any 
uranium leached by of the solubilized minerals which may be present. The effect- 
meteoric waters from iveness of the limestone pads has been demonstrated in actual 
entering the vadose practice. In 1977, under a-license from the Nuclear Regulatory 


zone. Where exactly was Commission (NRC), Energy Fuels constructed an ore buying facil- 
this facility and whathas ity in central Utah at which ore was sampled and crushed. The 
happened since? — facility operated until its decommissioning in 1984. The de- 
The Moab, UT uranium commissioning of the facility demonstrated that no mineral 
mill, that closed in 1984, yajues had migrated beyond the limestone ore pad despite storage 
is still being remediated = 9 ore on the pad for some five years, and, in fact, only the 
top several inches of the pad material contained any radiolog- 
ical contamination. All runoff from these pads is diverted 
to the surface impoundment. 


G. Written concerns presented by Ivy Millman (3-10-88). 


G1. Page 1 - Paragraph 3 


Comment: Exactly what materials will be used for the holding 
tanks? A fine-grained material and .25-inch thick material is 
the difference between clay and gravel. 


Reply: As stated in Part II.A.1.a. of the draft permit, the 
surface impoundment will have a synthetic liner equivalent to 
36 ml. Hypalon. The sands and gravels beneath the liner are 
simply acting as a pond base. 


G2. Page 1 - Paragraph 4 


Comment: Exactly what will seep through these’ porous materials, . 
and at what rate? 


Reply: Once again, the sands and gravels beneath the pond liner 
act as a base and it is not expected that any surface impound- 
ment water will move through the liner into the sands and gravels. 
Water in the surface impoundment will generally consist of facil- 
ity surface runoff and mine inflows. 


G3. Page 1 - Paragraph 5 


G4. 


Comment: Exactly what justification is there for EFN doing their 
own monitoring? 


Reply: Please refer to the reply to Comment C6. 


Page 1 - Paragraph 6 


Comment: Why should EFN be able to change the standards for 
the drinking water? 


Reply: The draft permit does not allow the facility to change 
any established drinking water standards. It simply states that 
if ambient groundwater concentrations for any constituent 
(obtained prior to mine operations) at the on-site monitor well 
exceed an established drinking water standard, the Maximum 
Groundwater Limit will then be the ambient concentration and 


no groundwater quality degradation may occur for that constituent. _ 


H. Written concerns presented by Charles Silver (3-10-88). 


H1. 


H2. 


Page 1 - Paragraph 2 


Comment: By the provisions of this permit, EFN will be allowed 
to take its own monitoring samples and this is just not right. 
Please insist that an independent monitor be used monthly to 
sample and that a independent lab be used for analysis. 


Reply: Please refer to the reply to Comment C6. It is the 


opinion of ADEQ that the proposed sampling frequencies in the 
draft permit are adequate. 


Page 1 - Paragraph 3 


Comment: According to the permit wording EFN will be taking 
many of its tests samples during the highest flow rates at 


Indian Gardens and Havasu Creek. 


Reply: Part II.B.1.b.5. of the draft permit simply states that 
springs will be sampled during flow periods on an annual basis. 
Obviously there must be some flow occurring at the spring in 

order to obtain a sample. : -- 


I. Written concerns presented by Jerry Breckenridge (2-24-88). 


i. 


Page 4 - Paragraph 1 
Comment: Does chromium (total) warrant an alert level? 


Reply: It is the opinion of ADEQ that the Maximum Groundwater 
Limit (MGL) placed upon total chromium is adequate. 


12. Page 4 - Paragraph 2 


Comment: A base testing population should be defined for pre- 
mining concentrations. The EPA recommends a minimum of 20 samp- 
les for a statistical sampling base population. 


Reply: Pre-mining sampling of the on-site well is currently 

being undertaken on a semi-annual basis. It is agreed that add- 
itional sampling will be necessary to perform an adequate stat- 
istical analysis, and groundwater sampling should be undertaken 
quarterly. A statistical analysis will be performed on the amount 
of data that has been gathered upon the initiation of mining 
operations. 


13. Page 4 - Paragraph 3 
Comment: When does pre-mining, metered water quantity stop and 


Phase II “estimated" inflow start? 


Reply: Part II.B.1.a.2. of the draft permit does not state that 
mine inflows during shaft sinking operations (pre-mining) will 
be metered, it simply states that the water quantity from each 
zone will be obtained. However, the methods of pre-mining mine 
inflow water quantity measurements should be clarified in the 
permit. 


Concerns of Kirk Bastian voiced at the 2-18-88 Public Hearing. 


Ji. Page 14 - Last Paragraph 


Comment: I do not understand why the Department of Environmen- 
tal Quality 1s going to allow the operator to do all site moni- 
toring. It is totally unacceptable. Conflicting interest is 
involved here. An independent company should do sampling. 


Reply: Please refer to the reply to Comment C6. 


J2. Page 14 - Paragraph 1 


Comment: What is the location of this monitoring well in re- 
lation to the mine shaft, as far as the direction of groundwater 


flow? Is it above or below the flow? 
Reply: Please refer to the reply to Comments A5 and A8 in my 
previous memo (12-8-87). 

Concerns of Karen Benthian voiced at the 2-18-88 Public Hearing. 


K1. Page 16 - Paragraph 2 
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Comment: I also feel an independent monitor is necessary be- 
Cause the permittee has conflicting interest. 


Reply: Please refer to the reply to Comment C6. 


K2. Page 16 - Paragraphs 3 and 4 
Comment: It mentions here that six inches of fine-grained 


bedding material underlining the liner shall consist of sand 


material and shall contain no gravels greater then .25 inch. 
A fine-grained bedding material is clay. 


Reply: Please refer to the reply to Comment D1. 


Concerns voiced by Jacques Serronde at the 2-18-88 Public Hearing. 
L1. Page 19 - Paragraph 1 
Comment: You cannot give the coyote charge of monitoring the 
chicken house (allow EFN to do their own monitoring). This is 
a_very Clear conflict of interest. 
Reply: Please refer to the reply to the Comment C6. 


L2. Page 20 - Paragraph 3 


Comment: It's well-known that the geology of the region is very 
complex. The formations are highly faulted, the moving and 
migration of water between formations already happens to a great 
extent along fault lines. 


Reply: Please refer to the second part of Comment C2. 


L3. Page 20 --Paragraph 4 


Comment: They're proposing sinking shafts through at least 
three diffferent aquifers. No mention is made of how they're 
going to seal off these aquifers from each other. 


Reply: Due to the reasons presented in Comment B5 in my pre- 
vious memeo (12-8-87), no attempt will be made to seal-off per- 
ched aquifers from one another.. 


Concern voiced by Mark Warden at the 2-18-88 Public Hearing. 


M1. Page 47 - Paragraph 4 


Comment: We are asking that an independent company monitor the 
mine site, the test well, and the surrounding springs. 


~ 


Reply: Please refer to the reply to Comment C6 


N. Written concern presented by Janice Kerata, Thomas Mostrella, David 
Nebenzahl, Jerry Frost, Doug Epperly(?), Steve Cemersty(?), David 
Wait, Ramora Gault, Jim Sutton, Cedra Spragett, Rose Ann Harvey, and 
Lisa Brown. 


N1. From submitted post cards 


Comment: EFN should not be allowed to do their own monitoring, 
and an independent agency should be used for this task. — 


Reply: Please refer to the reply to Comment C6. 
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Inter-Office Memorandum 


DATE: December 8, 1987 


TO: Miguel Santiago, EHS II 
Water Permits Unit 


THRU: Debra Daniel, Manager 
State Permits Hydrology Unit 


FROM: Michael Leach, Hydrologist Mpc 
State Permits Hydrology Unit 


RE: Canyon Mine - Responses to Comments Received On Draft Groundwater 
Quality Protection Permit No. G-0004-03. 


The comments received from Dave Kreamer and from Margaret Vick (Sparks and Siler) 
have been examined. My responses are given below. Comments addressing their 
concerns will be presented by page number and paragraph number (of their 
transmittals). Also, a brief summation of each concern will be given before 
each reply. 


A. Concerns presented by Dave Kreamer (11-9-87). 


Al. Page 2 - Paragraph 4 


Comment: Steps should be taken to prevent vertical movement of any 
aquifer water, perched or otherwise, along the shaft. Such movement 
could add severe deletrious effects to the local groundwater regime. 


Reply: Any mine water encountered during shaft sinking operations 
will be pumped to the surface into the lined impoundment. Similarly, 
any mine water encountered during mining operations will be collected 
in the mine sump (located at the bottom of the mine shaft) and pumped 
to the surface into the lined impoundment . This is the basis on 
which the Canyon Mine has been classified as a non-discharging 
facility. 


A2. Page 2 - Paragraph 5 


Although groundwater monitoring is required in the pre-mining 
erations, no limits are set (in the draft permit) to what 
will be done if anything is found. 


Reply: The purpose of the pre-mining water sampling is to determine 
ambient water quality conditions so that Maximum Groundwater Limits 
(MGL's) for each sampling parameter can be established using the pro- 
cedure described in Part II.B.1.a. of the Canyon Mine draft permit. 
Upon obtaining all of the pre-mining water quality data, a report 
which summarizes the water quality data and establishes the MGL for 
each sampling parameter will be submitted for review by ADEQ. Upon 
approval, these MGL's will be applied to groundwater quality data 
obtained from the mining and post-mining phases.; 

i 


Comment: 


ADEQ ADM Stock (Res. 4-87) 


A3. 


A4. 


AS. 


Page 2 - Paragraph 5 


Comment: The pre-mining activities have the potential to alter the 
existing groundwater regime and (therefore) must have safeguards in 
place to assure that the monitoring process itself does not create 
a problem. 


Reply: It is unclear what Dr. Kreamer is referring to when he states 
that the monitoring process itself could alter the existing hydrologic 
regime. If the concern was towards perched water percolating down 
to the Redwall-Muav aquifer and somehow altering the hydrogeologic 
regime, it should be noted that the well was drilled to 2,281 feet 
below the ground surface, an 8-5/8 inch blank steel casing was in- 


‘stalled and the annulus between the casing and the drilled hole was 


pressure cemented up to the ground surface, where the surface casing 
cement was encountered. A 7-7/8-inch borehole was then drilled through 
the cement to a total depth of 3,086 feet, and a 5-1/2-inch blank 

and perforated steel casing was set from 2,166 feet to total depth. 

A total of 200 feet of perforated casing was set with alternating 
sections of blank steel casing in the interval from 2,634 to 2,960 
feet. Therefore, since the hole has been pressure cemented from the 
ground surface to immediately above the regional water table, and 
therefore effectively sealed, no perched water should percolate 
downwards by way of the on-site monitor well. 


Page 2 - Paragraph 6 


Comment: The term "geologic unit" has not been defined in the draft 


permit. 


Reply: As provided on page ib of the draft permit, the term “geologic 
unit" means a geologic formation, group of formations, or part of 
a formation. 


Page 3 - Paragraph 1 


Comment: It is unusual for a single well in a karst region to be 
considered adequate for monitoring potential contaminant migration. 


Reply: As discussed in Comment A1, it is the position of ADEQ that 

the Canyon Mine is a non-discharging facility and a monitoring well 

is not necessary for this type of facility. Installation of the ap- 
proved supply/monitor well was not an ADEQ requirement. The facility 
proposed installing a water supply well in their NOD/Permit Application 
and ADEQ decided to monitor groundwater quality from the well. 


Besides the fact that ADEQ would not normally require groundwater 
monitoring for this type of facility, the bottom of the mine shaft 
is over 1000 feet above the regional water table and is geologically 
located within the sandstone region of the upper Supai Formation. 

In other words, no mining is occurring in the Redwall-Muav (which 
may exhibit karst features), and due to a lack of fracturing in the 
Supai as determined by field investigations and exploratory drilling 
operations, there is no reason to believe that the two formations 
are in hydrologic connection by way of fracturing. 


A6é. 


A7. 


A8. 


Due to the lack of fracturing, the path of any seepage (if seepage 
from the bottom of the mine shaft did occur), would roughly resemble 
the shape of an inverted cone distorted by lateral flow at impermeable 
layers. Since the Redwall-Muav is more than 1000 feet below the base 
of the mine, the base of the saturated water column at the water table 
would emcompass a great amount of area, including the entire Canyon 
Mine Site. Therefore, a single well (whether or not it is 
downgradient, upgradient, pumping, or shut down) would be sufficient 
in monitoring any groundwater quality changes due to percolating mine 
water. 


Page 3 - Paragraph 2 

Comment: The mining and post-mining phases of the monitoring plan 
have no stipulation for sampling the wells in the surrounding area. 
Reply: The groundwater supply well at the Canyon Mine taps the water 
from the Redwall-Muav aquifer where the water level has been measured 
at over 2,500 feet below the ground surface at the Mine. A 1985 report ~ 
prepared by Errol Montgomery and Associates on groundwater conditions 
in the Canyon Mine region states that a reconnaisance of all the wells 
in the site region indicates that the nearest well which taps the 
Redwall- Muav is A(25-2)27aba, located 25 miles upgradient of the 
Canyon Mine. The wells referred to in the Canyon Mine EIS which extend 
down to a depth of over a thousand feet are not in the Redwall-Muav. 
Therefore, there are no other wells in the Canyon Mine area from which 


to obtain groundwater samples from the only aquifer that seepage from 
the Canyon Mine could possibly effect. 


Aside from the stock well owned by Kaibab National Forest, the nearest 
perched aquifer well is about one-half mile away at A(29-4)31cda. 

The local wells referenced in the Canyon Mine EIS are most likely 
obtaining water from the Toroweap Formation or the Coconino Sandstone, 
both of which are several hundred feet above the proposed depth of 

the base of the Canyon Mine main shaft. Therefore, there is no 
possibility of mine water getting into either of these aquifers, and 
thus there is no reason to monitor any wells which lie within these 
perched aquifers. 


Page 3 - Paragraph 3 


Comment: Mining operations could adversely impact groundwater quantit 
due to groundwater pumping). 


Reply: Water quantity concerns are under the authority of ADWR. 
A copy of the draft permit was submitted to members of ADWR and they 
had no comments on it. : 


Page 3 - Paragraph 5 


Comment: Because a 24-hour suspension of pumping could produce 
misleading results in certain hydrogeologic situations, the static 
water level measurement and groundwater sampling should be performed 
before and after the 24-hour pumping suspension. 


AQ. 


Al0. 


All. 


Reply: The direction of groundwater flow in the Redwall-Muav aquifer 
is generally to the north towards large springs along the south wall 

of the Grand Canyon and its southern tributary canyons. Review of 
facility maps shows the supply/monitor well about 400 feet due north 

of the mine shaft, which would place the well directly downgradient 

of the mining operations. Therefore, whether or not the well has 

been pumping would make no difference since both situations will result 
in the well obtaining water from directly below the mine shaft. Thus 
it is the opinion of ADEQ that groundwater sampling of the well before 
the well pump is shut off is not necessary. 


In any case, after a 24-hour cessation of pumping the static water 
level will be measured. After the static water level measurement 

is taken, three borehole volumes (as measured from the water table 
to the bottom of the well) of water well be evacuated from the well 
prior to groundwater sampling. Given the approximate depth to water 
of 2564 feet and a total well depth of 3,086 feet, three borehole 
volumes of water would be about 2500 gallons. At 5 gpm, the well 
would have to pump about 8.5 hours to evacuate 2500 gallons of water 
from the well. 


Page 3 - Paragraph 6 


Comment: The exact meaning of “significant inflow" to the mine is 


not defined in the draft permit. 


Reply: The term "significant inflows" does require some clarification. 
Possible definitions might relate the sump capacity or maximum pumping 
rate from the sump to come up with a volume or discharge rate which 
could be termed the "significant inflow". Another alternative might 
state that a significant inflow would simply be enough water to obtain 
a sample. 


Page 4 - Paragraph 1 


Comment: Analysis of mine inflow waters and springs are restricted 
to the parameters listed in Part I1.B.1.a., and other parameters such 
as the stable isotopes of hydrogen and oxygen might be helpful. 


Reply: It is the opinion of ADEQ that the sampling parameters listed 
in Part II.B.2.a. are sufficient in monitoring the mine inflow water 
and springs. 


Page 4 - Paragraph 3 


Comment: The phrase "sampling can be discontinued when the sampling 
(well) is no longer accessible", is vague and should be clarified. 


Al2. 


A13. 


B1. 


Reply: I agree with this comment as previously stated in my October 
22, 1987 memo to yourself on the Canyon Mine Phase III groundwater 
sampling activities. The memo stated that the proposed Phase III 
(post-mining) groundwater sampling frequency and subsequent data 
manipulation used to determine the eventual cessation of sampling 
activities (described in Part II.B. 1.c.2. of the draft permit) should 
be changed. The problem is that the draft permit does not take into 
consideration the potential length of time necessary for any 
contaminated water from the mine shaft to travel several hundred feet 
to the regional water table. If the vadose zone is not substantially 
fractured, travel times could take several years, depending on the 
vertical permeability of the vadose zone rock formations. Therefore, 
a long-term, post-closure sampling program should be implemented. 

This sampling program should last 15 years with semi-annual sampling 
of the on-site supply/monitor well, and the springs at Havasu Springs, 
Indian Garden Springs, and Blue Springs. Water quality analyses should 
include the parameters listed in Part II.B.2.b. of the draft permit, 
and MGL's should remain the same as calculated for Phase I (mining) 
groundwater monitoring. 


Page 4 - Paragraph 4 


Comment: A single monitor well, possibly placed hydrologically up- 
gradient of the mine site may not adequately monitor the underlying 
groundwater for mining effects. 


Reply: Please refer to the replies to Comments A5, A6, and A8. 


Page 4 - Paragraphs 5, 6, and 7 


Comments: Statistical analysis of groundwater quality data for the 
discontinuance of sampling has been met with much confusion and 
skepticism. 


Reply: Please refer to the reply to Comment A11. 
Concerns presented by Margaret Vick of Sparks and Siler (11-9-87) 
Page 2 - Paragraph 3 


Comment: The basis for the calculation of a 500-year, 24-hour precip- 
itation event was not identified in the draft or final Environmental 


Impact Statements. 


Reply: Discussions with Charles F. Leaf, P.E. indicated that he used 
precipitation data for the Mine area obtained from the National Weather 
Bureau and the Bureau of Reclamation. Information regarding the use 

of Soil Conservation Service (SCS) methods in the hydrologic analysis 
of the site was supplied by McCuen and Canonie Engineers, listed in 

the References Section of Appendix D of the draft version of the 
Environmental Impact Statement. 


B2. 


B3. 


B4. 


B5. 


Page 2 - Paragraph 4 


Comment: A provision should be added to part II1.A.3. that states 
that_all materials not meeting the specifications for either the im- 
poundment structure or septic tank are to be disposed of by hauling 
to appropriate disposal facilities off the Mine site. 


Reply: The addition of this provision appears to be justifiable and 
should be included in the permit under Part II.B.3. 


Page 2 - Paragraph 5 


Comment: Water sampling should be performed on wells and springs 
in the Mine vicinity. 


Reply: Please refer to the reply to Comment A6. In addition, the 
only major springs in the Canyon Mine area which can be attributed 
to water emanating from the Redwall-Muav are already being sampled. 
Springs emanating from the perched aquifers, as eluded to in Comment 
A6, have no potential for contamination from the Canyon Mine. 


Page 2 - Paragraph 6 


a 


Comment: One monitoring well is not sufficient to detect contamination 


into the aquifer. In addition, due to the lack of knowledge of the 
groundwater flow direction in the aquifer (Redwal1-Muav), there is 
no evidence showing that the monitor well has been properly sited. 


Reply: Please refer to the replies to Comments A5 and A8. 


Page 2 - Paragraph 7 


Comment: Part II.B.1.a.2. does not contain a contingenc lan in 
the event a great deal of water is encountered (during shaft sinking). 


The lined impoundment is not large enough to hold large amounts of 
water. 


Reply: The transmittal of large amounts of water are not. expected 
because it is not a characteristic of the perched aquifers in the 
Canyon Mine area. Springs which emanate from the perched aquifer 
layers (Toroweap Formation and Coconino Sandstone) at the South Wall 


of the Grand Canyon indicate that the average discharge is less than 


one gallon per minute. In addition, these perched aquifers are 
commonly small, thin, discontinuous and therefore prone to drying 
up if subjected to even short periods of seepage (i.e. into the mine 


shaft). In fact, only about half of the 16 exploratory borings drilled 


around the Canyon Mine site encountered perched water during drilling 
operations. These exploratory boreholes have provided information 

on the vertical and horizontal extent of the perched aquifers. This 
data was also used in the design of the lined surface impoundment. 
Therefore, the capacity of the lined impoundment (11.2 acre feet) 


will adequately store any seepage from perched water layers encountered 


during mine shaft sinking. 


B6. Page 3 - Paragraph 1 


Comment: The monitoring parameters listed in Part I1.B.2.b. do not 
include any petroleum by-products or organic materials which may also 
be used in the mining operations. 


Reply: We believe the parameters listed in Part II.B.2.b. will be 
adequate in detecting the presence of any mine water seepage to the at 
Redwall-Muav aquifer. However, inquiries should be made to Energy 

Fuels Nuclear concerning the types, if any, of any organic materials 

used during mining operations to determine if any additional parameters 

are needed. 


B7. Page 3 - Paragraph 2 


Comment: During the pre-mining development stage, the water should 


be sampled more often than quarterly. Water should be sampled as 
it is encountered in the shaft. 


Reply: Water producing zones are sampled as they are encountered 

in the shaft as stated in Part I].B.1.a.2. of the draft permit. The 
pre-mining water sampling frequencies are adequate in determining 
ambient water conditions and establishing Maximum Groundwater Limits 
(MGL's), which is the purpose of pre-mining water sampling. 


B8. Page 3 - Paragraph 3 


Comment: The term “geologic unit" needs to be identified. 
Reply: Please refer to the reply to Comment A4. 


B9. Page 3 - Paragraph 4 


Comment: The monitor well may not be in the position to detect any 
contaminants from the mine if pumpage from the well is suspended for 
24 hours. Therefore, samples should be taken during pumping and after 
a_ 24-hour suspension. 


Reply: Please refer to the reply of Comment A8. 


B10. Page 3 - Paragraph 6 


Comment: The wells and springs in the site vicinity should also be 
monitored for quantity. 


Reply: Please refer to the reply to Comment B3. In addition, a 
Groundwater Quality Protection Permit does not deal with water quantity 
concerns, this aspect is under authority of the ADWR. 


B11. Page 3 - Paragraph 7 


Comment: Part II.B.1.c. indicates that post-mining sampling will 
be discontinued when the sampling location is no longer accessible 
or_ when the average concentration of all parameters are less than 


or equal to the MGL plus 2 standard deviations. This is not adequate 


and monitoring should continue for a period of at least 10 years. 


Reply: Please refer ton the rently ta Cammant A111 


Bi2. 


B13. 


B14. 


B15. 


Page 3 - Paragraph 8 

- 
Comment: The Plan of Operations approved by the Forest Service states 
that upon closure, backfilling materials placed into the mine shaft 
will include the addition of low grade mine ore and contaminated mater- 
ials. This presents a great potential for contamination. Therefore, 
monitoring should continue for an extended period of time after 


closure. 


Reply: As mentioned in Part II.D.2. of the draft permit, all water 
producing zones will be isolated from lower geologic units by the 
installation of a clay plug. In addition, a surface seal will be 
emplaced in the mine shaft to prevent any surface water percolation 
into the backfilled mine shaft. Also, refer to the reply to Comment 
A11 on the post-mining groundwater monitoring details. 


Page 3 - Paragraph 9 


Comment: Statistical analysis of groundwater quality data for the 
discontinuance of sampling has been met with a great deal of skepticism 


and confusion. 

Reply: Please refer to the reply to Comment A11. 

Page 4 - Paragraph 3 

Comment: There is no indication in the draft permit that ADEQ has 


taken into consideration any of the specific hydrologic, geologic, 
and other environmental factors as required by the Environmental 
Quality Act at A.R.S. 49-243B(1). 

Reply: The Department has considered all data on site-specific hydro- 
logic, geologic, and environmental factors. Submitted data included 
reports and ADEQ additional information requests to Errol Montgomery 
and Associates on the hydrogeologic and geologic characteristics of 
the site vicinity and region. In addition, a great deal of data and 
geologic, hydrogeologic and hydrologic conditions of the site were 
presented in the draft and final versions of the Environmental Impact 
Statement for the Canyon Mine. Also, boring logs from exploratory 
drilling in and near the Canyon Mine breccia pipe have been reviewed 
along with well location data gathered at @DWR. Therefore, as you 


can see, a great deal of geologic, hydrogeoTogic and hydrologic data 
has been reviewed and taken into consideration. 


Page 4 - Paragraph 4 


Comment: The entire population of the region around the Canyon Mine 
depends on groundwater from the Redwall-Muav aquifer. 


GROUNDWATER quacity(, QTECTION 
‘ "PERMIT NO. G-0004-03 ~ 


STATE OF ARIZONA 


GROUNDWATER QUALITY PROTECTION PERMIT 


Part I. AUTHORIZATION FOR FACILITY OPERATION SUCH THAT GROUNDWATER QUALITY 
OF THE STATE OF ARIZONA IS NOT ADVERSELY IMPACTED. 


In compliance with the provisions of A.R.S. 36-1851 et seq; A.A.C. 
Title 9, Chapter 20, Article 2; A.A.C. Title 9, Chapter 21, 
Article 4; and conditions set forth in this permit: 


Facility Name: Operator: 


Canyon Mine Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


is authorized to operate the Canyon Mine, an underground uranium 
mine located approximately 7 miles south of Tusayan, Arizona in 
Coconino County over the groundwaters of Coconino Plateau and 
Basin in Township 29 North; Range 3 East; Section 20, S 1/2 NW 1/4 
and N 1/2 SW 1/4 - Gila and Salt River Base Line and Meridian. : 


This permit shall become effective on the date of signature and 
shall be valid for 15 years provided that the facility is operated 
and maintained in compliance with the specific conditions, general 

conditions, and information documented or referenced in Parts I, 
II, III and IV of this Permit and such that Groundwater Quality 
ak hh and Aquifer Water Quality Standards are not violated 
Part V). 


brad ra aii 


Brad L. Doores, Vice President 


» Assistant Director 


Legal and Regulatory Affairs Agyzona Department of Env ironmenta] Quality 
Energy Fuels Nuclear, Inc. Me 
Signed this a5 day of Signed isp day r/( 
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Part Il. SPECIFIC CONDITIONS (R9-20-208.C.) 


A. Disposal/Containment Requirements 


1. 


Facility Water Containment 


The facility shall be designed, constructed and 
maintained such that there will be no migration of 
wastes or pollutants either directly to groundwater or 
to the vadose zone. 


a. 


The operator shall be restricted to the disposal of 
mine water and stormwater runoff from a 17-acre 
uranium mine site to a lined impoundment. All 
waters pumped from the underground and all runoff 
from the 17-acre mine operation's area shall be 
directed to the lined impoundment. The 10.24-acre- 
foot impoundment shall be constructed as referenced 
in Exhibit A of the Notice of Disposal. The 
impoundment shall be lined with 36-mil Hypalon, a 
durable, sunlight resistant flexible synthetic 
membrane liner. In order to prevent mechanical 
damage, the liner shall be underlaid by 6 inches of 
predominately fine grained bedding material which 
shall contain no gravels greater than 1/4 inch. 

The operator shall maintain a minimum of 3-acre 
feet (2.2 feet) of freeboard in operating the 
impoundment. The operator shall maintain reserve 
area for the construction of an additional lined 
impoundment following authorization for an increase 
in the mine yard disturbance area. The use of 
enhanced evaporation techniques shall be allowed 
for controlling the water level in the lined 
impoundment in addition to the required minimun 
freeboard. 


The ore storage pads shall be constructed of 
crushed and compacted limestone and/or shale not 
less than 12 inches in thickness. The ore storage 
pads shall be sloped toward the edges and a runoff 
collection structure shall be constructed to ensure 
that all runoff from the ore piles shall be 
directed to the lined impoundment. 


In order to divert storm water runoff away from the 
mine site, the operator shall construct storm water 
diversion structures, as referenced in Alternative 
2 of Appendix D, Downstream Hydrologic Impacts of 
the Appendix Draft Environmental Impact Statement, 
to control waters from no less than a 500-year, 24- 
hour precipitation event. The diversion structures 
shall be constructed from borrow material from 
within the operations area and shall be protected 
with heavy riprap. All construction shall be 

per formed to prevent runoff from the mine 
operations area. 
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Sewage Disposal 


Domestic sewage from the travel trailers and office 
buildings shall be disposed of into a septic system 
designed for a flow of 1,000 gallons per day. The 
septic system shall be constructed in accordance with 
plans approved by the Coconino County Health 

Department. The septic system shall consist of a septic 
tank of no less than a 1,600 gallon capacity and 
associated leach lines. 


Fuel Storage 


The 12,000 gallon and 4,000 gallon capacity above ground 
tanks for the storage of diesel fuel and gasoline, 
respectively shall be located within an impoundment 
sized to contain the entire contents of both tanks, plus 
expected precipitation. Any spilled fuel shall not be 
allowed to enter the lined impoundment described in Part 
II.A.1 above. 


Unauthorized Materials 


a. The lined impoundment is exclusively for the 
disposal of mine water and stormwater runoff and 
shall not include any materials that cause 
deterioration of the pond liner as indicated by the 
manufacturer's specifications for the liner 
material. 


b. Materials authorized to be disposed of in the 
septic tank are typical household sewage and shall 
not include mine water, motor oil, gasoline, 
paints, varnishes, laboratory wastes, solvents, 
fertilizers, pesticides or other materials not 
generally associated with toilet flushing, food 
preparation, laundry and personal hygiene. 


c. Any material to be disposed of not meeting the 
specifications for either the impoundment or the 
septic tank are to be contained and hauled off site 
and disposed of at an approved facility. 


d. Adequate supervision and operation shall be 
performed to ensure that all users of the facility 
are aware of and understand the 
containment/disposal requirements of Part II.A.1. 


Discharge Source Limits 


Total domestic wastewater flow from the facility shall 
not exceed 1,000 gallons per day. 


~ 
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Mining Limit 


Total depth of the mine workings shall not exceed 1,500 
feet below land surface. 


Modi fication 


This permit is issued contingent upon the above 
conditions. The permittee shall give ninety (90) days 
written advance notice to the Department of any 
modification to. the above facility. 


Other Laws and Rules 


The operator must maintain compliance with all other 
State of Arizona laws and rules. The issuance of this 
permit does not waive any federal, state, county, or 
local government rules, regulations, or permits for 
which this facility may have to comply. 


Monitoring Requirements, Record Keeping (R9-20-215 


1s 


Monitoring shall be conducted in three phases: 


Phase I - Pre-Mining - Ambient Groundwater 
Characterization 


Phase II - Mining - Evaluation of Possible Impacts 


Phase III- Post-Mining - Evaluate the Effectiveness of 
Closure Activities. 


a. Phase I - Pre-Mining 


The purpose of Phase I monitoring is to determine 
baseline, the ambient groundwater 
characteristics. Ambient groundwater shall be 
defined as the arithmetic mean plus two standard 
deviations of the chemical concentrations for each 
parameter. 


(1) The regional aquifer shall be sampled at the 
monitoring well, Department of Water 
Resources Well Registry No. 55-515772 as 
located at and constructed as described in 
the Notice of Disposal. The operator shall 
monitor this water supply/monitoring well 
quarterly for the parameters listed in Part 
11.62.05. 


The regional aquifer shall also be sampled 
at the off-site springs: Havasu Springs, 
Indian Garden Springs and Blue Springs 
located 42 miles, 14 miles and 28 miles, 
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respectively, from the mine site. The 
springs shall be sampled during flow periods 
at least once per year for the parameters 
listed in Part II.B.2.b. 


The location, by latitude and longitude, of 
each spring monitoring point is: 


Spring Name Latitude Longitude 
Blue Springs 36°97'1"N 111941'34"W 
Indian Garden 3694' 44"N 1129' 34"W 
Havasu 36°13'1"N 11291'10"wW 


Water producing zones shall be monitored in 
the shaft during shaft sinking. Discrete 
samples for water quality and quantity shall 
be taken from every geologic unit which 
produces water at the time of shaft 
penetration and quarterly thereafter until 
mining of the breccia formation commences. 


Sixty (60) days after obtaining all of the 
Phase I water quality data, as described 
above, the permittee shall submit a report 
for the Department's Water Permits Unit 
approval which summarizes the water quality 
data and establishes the Maximum Groundwater 
Limits for each sampling parameter. The 
Comprehensive List of Parameters listed in - 
Part II.B.2.b. shall be utilized for this 
sampling report. 


Phase II - Mining 


The purpose of monitoring during the mining phase 
is to determine what impacts, if any, the operation 
is having on the groundwater quality. 


(1) 


(2) 


Discharge Monitoring 


On an annual basis the effluent from the 
septic system shall be sampled and analyzed 
for those parameters listed in Part 
11.8.2.b. 


Impoundment Monitoring 


The operator shall inspect the impoundment 
for mechanical damage, seam failure and 
maintenance of freeboard on a daily basis. 
Records of inspection shall be maintained at 
the premises during the operational life of 
the facility. 


(3) 


Page 6 of(.. 
GROUNDWATERK QUALITY PROTECTION 
PERMIT NO. G-0004-03 


Groundwater Monitoring 


The operator shall monitor the water 
supply/monitoring well, Department of Water 
Resources Well Registry No. 55-515772, 
quarterly for the parameters listed in Part 
I1.B.2.a. and annually for the parameters 
listed in Part I1.B.2.b. Static water level 
in the well shall be measured and recorded 
prior to sample pumping. If the well is 
used for production, pumping shall be 
suspended for 24 hours prior to observing 
the static water level. The operator shall 
evacuate at least one bore volume prior to 
sampling the monitoring well. The amount 
pumped shall be recorded. The water purged 
from the well shall be contained in the 
lined impoundment, stored in impervious 
containers, or used at the mine site. 


Mine Inflow Monitoring 


Mine inflows shall be monitored in the shaft 
and at the mine sump. Within the shaft, 
discrete samples for water quality and 
quantity shall be monitored annually from 
each geologic unit which continues to 
produce water for the parameters listed in 
Part II.B.2.b. This water quality analysis 
shall not be subject to Maximum Groundwater - 
Limits. 


Inflows within the mine shall be collected 
in the mine sump and monitored for quality 
by quarterly sampling and analysis for the 
parameters listed in Part II.B.2.a. and 
annually for the parameters listed in Part 
II.B.2.b. Quantity of mine inflows shall be 
estimated on a quarterly basis taking into 
account the consumption of water by 
underground drilling and dust control, and 
the return flows from these operations. 
Inflows exceeding 25 gpm for more than 5 
days or inflows exceeding 5 gpm for more 
than 90 days shall be depicted on a mine map 
and submitted to ADEQ as part of the 
quarterly report. 
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(5) Springs Monitoring 


During flow periods at least once per year 
the operator shall monitor the off-site 
springs: Havasu Springs, Indian Garden 
Springs and Blue Springs for the parameters 
listed in Part II.B.2.b. 


Water quality analyses from the Springs' 
monitoring shall not be subject to Maximum 
Groundwater Limits. 


Phase III - Post-Mining 


The purpose of monitoring during the post-mining 
phase is to determine the effectiveness of the 
closure activities. 


The operator shall continue to monitor the water 
supply/monitor well, Division of Water Resources 
Well Registry No. 55-515772 and the Springs at 
Havasu Springs, Indian Garden Springs and Blue 
Springs, semiannually during a minimum period of 15 
years for the parameters in Part II.B.2.b. The 
Maximum Groundwater Limits shall be those 
calculated for Phase II (mining) groundwater 
monitoring. 


Constituents for Analyses 


Two categories of constituents for analysis shall be 
used while monitoring - indicator parameters with Alert 
Levels and comprehensive list of parameters with Maximum 
Groundwater Limits: 


a. 


Indicator Parameters 


If laboratory chemical analyses for a water sample 
detects a level of gross alpha, gross beta, and/or 
any of the selected trace elements in excess of the 
alert levels, the source for the water sample would 
be resampled and analyzed for the comprehensive 
list of parameters: 
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METHOD OF 

PARAMETER ALERT LEVEL REF 1.D. (1) ANALYSIS 

(milligrams 

per_ liter) 
Arsenic 0.025 1 206.2 
Barium 0.5 2 208.1 
Cadmium 0.005 1 213.62 
Copper 0.5 2 220.1 
Iron 0.15 2 236.1 
Lead 0.025 1 239.2 
Manganese . 0.025 2 242.1 
Mercury 0.001 1 245.1 
Nitrate (as N) 5.0 3 353.2 
Selenium 0.005 1 270.2 
Silver 0.025 2 Citak 
Zinc 5.0 2 289.1 

(picocuries 

per liter) 
Uranium (total) Reserved* 9,10 --- 
Gross Alpha 5.0 4,13 703 
Gross Beta 5.0 4,13 703 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be utilized 
for all samples during Phase I of sampling and yearly 
thereafter during Phase II at all sampling sites. . 
This list will also be used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUM GROUND- METHOD OF 


PARAMETER WATER LIMITS REF 1.0, (1) ANALYSIS 


milligrams 


per liter) 

Alkalinity 

(as carbonate) Reserved* 4 403 
Arsenic 0.05 1 206.2 
Barium 1.0 2 208.1 
Bicarbonate Reserved* 3 305.1 
Cadmium 0.010 IT 213.2 
Calcium Reserved* 2 215.1 
Carbonate Reserved* 4 403 
Chloride Reserved* 3 325.3 
Chromium (total) 0.05 1 218.2 
Copper 1.0 2 220.1 


(1) standard references are listed on Attachment I to 
this Permit. 
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(Cont'd.) 
MAXIMUM GROUND- 

PARAMETER WATER LIMITS REF I.p. (2) 

(milligrams 

per liter) 
Fluoride 2.4 3 
Iron 0.3 2 
Lead 0.05 1 
Magnesium Reserved* 2 
Manganese 0.05 2 
Mercury — 0.002 vf 
Nitrate (as N) 10.0 3 
Phosphate Reserved* 4 
Potassium Reserved* 2 
Selenium 0.01 1 
Silver 0.05 2 
Silica Reserved* - 
Sodium Reserved* 2 
Sulfate Reserved* 3 
Total Dis- 
solved Solids Reserved* 3 
Zinc Reserved* 2 

(micromhos 

per centimeter) 
Specific 
Conductance Reserved* 3 

(picocuries 

per_ liter) 
Gross Alpha 15 4,13 
Gross Beta 50 Ald 
Total Uranium Reserved* 9,10 
Thorium 230 Reserved* 9,10 
Radium 226 Reserved* 4,7 


METHOD OF 


ANALYSIS 


340. 
236. 
239. 
243. 
243. 
245. 
353 
424 

250.1 
270.2 
272.1 


Oe Oo) 


Zlaek 
375.3 


160.3 
2o9,1 


120.1 


703 
793 


705 ,705 


(1)standard references are listed on Attachment I to 


this Permit. 


* Reserved - Maximum Groundwater Limits shall be based 
on the ambient concentrations of chemical constituents 
A statistical analysis of the results 
of the Phase I monitoring program shall be used to 

determine the Maximum Groundwater Limits as follows: 


in groundwater. 


(1) If a primary or secondary drinking water 
standard or Maximum Groundwater Limit has been 
established for a parameter by Arizona State 
regulatory agencies, and if the arithmetic mean 
plus two standard deviations of concentrations 


¥. 
/ 
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of the parameter in groundwater samples 
obtained during the pre-mining period does not 
exceed the drinking water standard, the Maximum 
Groundwater Limit shall be the same as the 
drinking water standard. 


If the arithmetic mean plus two standard 
deviations of concentrations of the parameter 
exceeds an established primary or secondary 
drinking water standard, the Maximum 
Groundwater Limit shall be the arithmetic mean 
plus two standard deviations of concentration 
of the parameter in groundwater samples. 


ea If a primary or secondary drinking water 
standard has not been established by the 
regulatory agencies for a parameter and the 
parameter is detected in groundwater samples 
during the pre-mining period, or if the 
arithmetic mean plus two standard deviations of 
concentrations in groundwater samples obtained 
during the pre-mining period exceeds the 
established drinking water standard, then the 
Maximum Groundwater Limit shall be the 
arithmetic mean plus two standard deviations of 
the pre-mining concentrations. 


~ 


(3) If a parameter is not detected during the pre- 
mining monitoring period, and a primary or 
secondary drinking water standard has not been 
established for the parameter, the Maximum 
Groundwater Limit shall be twice the detection 
limit for the EPA laboratory method used. 


Monitoring Forms 


All monitoring results shall be recorded and reported on 
the Self-Monitoring Form supplied by ADEQ. This form 
should be given to the laboratory performing the analysis. 


Reporting 


The permittee shall submit a report summarizing progress of 
the mine development and monitoring results on an annual 
basis. The report shall contain a current site plan, a 
map of the underground mine workings including elevations, 
and shall indicate the locations of all monitoring sites 
required by this permit. All analytical monitoring results 
for the previous quarter shall be postmarked no later than 
the 23th day of the second month following the completed 
reporting period as indicated below: 


ae 
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Self-Monitoring Report Forms for are due by 
lst Quarter (Jan, Feb, Mar) May 28 
2nd Quarter (Apr, May, Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
4th Quarter (Oct, Nov, Dec) Feb 28 


All laboratory reports shall be submitted to the following 
location: 


Arizona Department of Environmental Quality 
OWQ - Water Pollution/UST Compliance Unit 
2005 North Central Avenue 

Phoenix, Arizona 35004 


The permittee shall contact the Department's State Permits 
Hydrology Unit and Northern Regional Office at least five 
(5) working days prior to all sampling required by this 
permit, to allow for the collection of split samples, at 
the Department's discretion. 


Contingency Requirements (R9-20-206.D.2. 


1. 


Should any of the monitoring results required by this 
permit exceed the alert level specified for a particular 
parameter, the permittee shall immediately notify the 
Department and resample to determine the validity of the 
sample result. 


In the event that it is confirmed that the Maximum 
Groundwater Limit specified in Part II.B.2.b. are exceeded 
at the water supply/monitoring well and/or at the Springs 
at Havasu Spring, Indian Garden Springs and Blue Springs, 
the operator shall submit a hydrogeologic report within 60 
days which assesses the impacts caused by exceeding the 
Maximum Groundwater Limits. 


In the event that the minimum freeboard requirement 

specified in Part II.A.1l.a. is violated, the permittee 

shall construct an additional impoundment equivalent in 

re peas to the lined impoundment required by Part 
eRe l sds 


In the event that any portion of the containment system, 
fuel storage system or the septic system fails, resulting 
in the violation of permit conditions, the owner/operator 
shall notify the Department's Water Pollution/UST 
Compliance Unit and the Coconino County Health Department 
immediately to determine the appropriate action to mitigate 
the effects of the violation. 


A eee Mate tates 


et 


he hart nd als RE SI 5 Bost De LAA AED 08 NTIS Sean 2, Core ee oe tem 


D. 


Page 12 of.;5 
GROUNDWATEK QUALITY PROTECTION 
PERMIT NO. G-0004-03 


Closure/Post Closure (R9-20-206.D.3. and R9-20-216.C.2. 


ha 


The Operator shall update and submit the closure plan as 
referenced in Section 2.5.2. of the Final Environmental 
Impact Statement and Exhibit C of the Notice of Disposal at 
Teast one hundred and eighty (180) days prior to closure or 
abandonment of the facility for the Department's 

approval. The operator shall also submit and have approved 
an updated Post-closure Plan prior to this time. 


Upon cessation of mining operations, the operator shall 
implement the updated and approved closure plan. In the 
event that a geologic formation continues to produce water 
during the operational life of the mine, such formation 
shall be isolated from the lower geologic unit by the 
installation of a clay plug, a 40% clay/60% crushed shale 
plug or a bentonite plug in the main shaft and the air 
shaft. 


The operator shall submit engineer certified construction 
plans, specifications and techniques for the installation 
of the plugs, for the Department's approval, sixty (60) 
days prior to their installation. 


In the event of abandonment, the septic tank shall have the 
sewage removed therefrom and be completely filled with 
earth, sand, gravel, or concrete. The top cover over the 
septic tank shall be removed before filling and the filling 
shall extend to the level of the top of the ground. 


Compliance Schedule (R-20-219 


1 


Within 60 days of the completion of the main shaft sinking, 
the operator shall submit an analysis showing that the 
collection sumps are impermeable and the sumps do not leak 
or the operator shall provide a plan for containment. 


The operator shall notify the Water Pollution/UST 
Compliance Unit no less than 7 days prior to the 
installation of the liner specified in Part II.A.1. 


Within 30 days of the effective date of this permit, the 
permittee shall submit a fuel spill prevention control plan 
certified by a Professional Engineer, for the Department's 
approval. The plan shall include control measures and 
construction features to prevent the contact of spilled 
fuel and/or fuel contaminated storm water run-off with the 
impoundment liner described in Part II.A.1. 
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A. Re ferences 


The terms and conditions set forth in this permit have been 
developed based upon the information contained in the following: 


1. Groundwater Field Inspection Form(s) dated 


2. Notice of Disposal dated July 22, 1985 


3. Groundwater Impact Review dated 
4. Plan Review File Number 

5. Permit Application dated 

6. Groundwater Impact Review dated 
7. Amendments to 2 and 4 dated 


8. Public Notice dated December 25, 1987 & January 21-25, 1983 


9. Public Hearing comments, correspondence letters, and any 
additional supplemental information contained in the 
facility permit file. 


10. Other Site inspection dated October 20, 1987 ; 
Public Hearing February 18, 1988 
B. Facility Information 


Lis Facility Contact Person Mr. Mark Chalmers 
VAP Address P. QO. Box 3205 


Grand Canyon, Arizona 86023 
3. Emergency Telephone Number: Business (602) 643-7321 


Home ( ) 


The Department shall be notified within 30 days of a 
change in the facility contact person. 


4. Landowner of Facility Site United States Forest Service 


Kaibab National Forest 


Page 14 of.°6 
GROUNDWATI. QUALITY PROTECTION 
PERMIT NO. G-0004-03 


Definitions 


Is 


10. 


Ili 


"Abandoned" means permanent cessation of facility 
operation, as determined by the facility owner. 
Facilities which are temporarily shut down are not 
considered abandoned within the context of these 
regulations. 


"Activity" means any human activity including 
institutional, commercial, manufacturing, extraction, 
agricultural, or residential land use which may involve 
disposal of wastes or pollutants which may result in 
pollution of groundwaters of the State. 


"Adverse impact upon groundwater quality" means any 
measurable change to the physical, chemical or 
biological character of groundwater caused by addition 
of pollutants or wastes. 


“Approved" or “approval" means approved in writing by 
the Director. 


"Aquifer" means a geologic unit that contains saturated 
permeable material to yield usable (drinking water, 
agriculture, industry, etc.) quantities of water to a 
well or spring. 


“Composite sample" means a combination of 4 individual 
portions obtained at equal time intervals for 1 hour. 
The volume of each individual portion shall be directly | 
proportional to the discharge flow rate at the time of 
sampling. The sampling period shall coincide with the 
period of maximum discharge flow. 


"Department" means the Arizona Department of 
Environmental Quality (ADEQ). 


"Director" means the Director of the Arizona Department 
of Environmental Quality or his duly authorized 
representative. 


"Discharge" means the addition, spilling, leaking, 
pumping, pouring, emitting or dumping of any pollutant 
into waters of the State from any point source. 


"Discharge Impact Area" means the potential area 

extent of waste or pollutant migration, as projected on 
the land surface, as a result of a discharge or disposal 
from a facility. 


"Discrete sample" means any individual sample 
collected in less than 15 minutes. 


12, 


te 


14. 


1S 


16. 


a? 


18. 


1s 


20. 


21. 


226 


23 
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"Disposal" means the discharge, deposit, well 

injection, dumping, spilling, leaking, or placing of any 
wastes or pollutants into or on any land or water such 
that groundwater is or may be affected. For the 
purposes of this Article, irrigation with effluent from 
a wastewater treatment facility is disposal if the 
application rate exceeds that amount necessary to 
satisfy the consumptive use and leaching requirements of 
the crop or landscaping being irrigated. 


"Disposal system" means a system for disposing of 
wastes either by surface or underground methods and 
includes sewerage systems, treatment works, disposal 
wells and other systems. 


"Facility" means any system or activity in which or 
by which disposal occurs or has occurred on either a 
continuous or intermittent basis. 


"Flow rate" means the volume per unit time given to 
the flow of fluids. 


"Geologic unit" means a geologic formation, group 
of formations, or part of a formation. 


"Groundwater" means water under the surface of the 
earth regardless of the geologic structure in which it 
is standing or moving. Groundwater does not include 
water flowing in underground streams with ascertainable 
beds and banks. 


"Groundwater Quality Standards" means the standards 
in A.A.C. R9-21-403. 


“Hazardous waste" means a waste as defined by the 
Federal Resource Conservation and Recovery Act (P.L. 94- 
580). 


“Hydraulic conductivity" means a measure of the 
capability of a geologic unit to transmit a fluid. 


“Individual disposal system" means a device or 
system for the treatment or disposal of sewage froma 
single housing unit or equivalent. 


“Maximum Disposal Limit (MDL)" means the maximum 
permissible level for a contaminant in an effluent 
stream. 


“Maximum Groundwater Limit (MGL)" means the maximum 
permissible level for a contaminant in water. 


24. 


29x 


26. 


27. 


28. 
29. 


30. 


al. 


325 


33. 


34. 
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"Modification" means a change in the location, 

volume, constituent(s) or constituent concentration(s) 
of a disposal which is described in the permit issued 
pursuant to R9-20-208. 


"Operator" means any person who makes management 
decisions regarding facility operations. 


“Owner" means any person holding legal or equitable 
title in any real property subject to these regulations. 


“Permit" means a rule, certificate, letter, or any 
other document issued by the Director authorizing and 
conditioning the discharge of any pollutant to 
groundwater from any point source or disposal of wastes 
from any disposal system identified in A.R.S. Sec. 36- 
136.G.8. 


"Pollute" means to cause pollution. 


"Regulations" means A.A.C. Title 9, Chapter 20, 
Article 2, requirements for facilities affecting 
groundwater quality. 


"Schedule of compliance" or “compliance schedule" 
means a written document issued by the Director which 
identifies requirements and times for compliance with 
either or both the water quality standards in A.A.C. 
Title 9, Chapter 21 or the permit regulations in A.A.C. 
Title 9, Chapter 20. : 


"Sewage" means wastes from toilets, baths, sinks, 
lavatories, laundries and other plumbing fixtures in 
residences, and wastes from institutions, commercial 
buildings, mobile homes and other places of human 
habitation, employment or recreation which are similar 
in content to residential wastes. 


"Site" means the area where any facility is 
physically located or an activity is conducted, 
including adjacent land used in connection with the 
facility. 


"Treatment works" means any plant or other works used 
for the purpose of treating, stabilizing, or holding 
wastes. 


"Vadose zone" means the zone between the land surface 
and the principle zone of saturation. 
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Part IV. GENERAL CONDITIONS: RESPONSIBILITIES 


A. 


Permit Duration (R9- 20-210 


Li. 


Permits shall be valid for the expected operational life 
of the facility under the ownership as set forth in the 
permit unless otherwise limited by Federal or State 
statute or transferred pursuant to R9-20-221.C. 


A permit may be modified or terminated pursuant to R9- 
20-221. 


The owner or operator of the facility may request that a 
permit be issued for a duration that is less than the 
full allowable term. 


Permit Rights (R9-20-214 


Lis 


2. 


A permit does not convey any property or water right of 
any sort, or any exclusive privilege. 


A permit does not authorize any injury to persons or 
property or invasion of other private rights, or any 
infringement of Federal, State, or local laws or 
regulations. 


Monitoring Requirements; Record Keepin R9- 20-215 


La 


The permittee shall implement and maintain an approve 
monitoring system if required as a condition of a 
permit. 


a. The permittee shall install, use and maintain all 
monitoring equipment in acceptable condition or 
provide alternate methods approved by the 
Department. 


b. The permittee is required to conduct monitoring of 
a type and frequency sufficient to yield data which 
are representative of the monitored activity. 


The permittee shall retain records or have access to all 
monitoring information, for a period of at least three 
(3) years from the date of the sample, or measurement. 
This period may be extended by written request of the 
Department at any time. Copies of records shall be 
furnished to the Department upon written request. 


a. Records of monitoring information shall include but 
are not limited to the following: 


(1) The date, time, exact place, and name of 
individual(s) who performed the sampling or 
measuring; 


Page 18 of,.76 
GROUNDWAT Ess QUALITY PROTECTION 
PERMIT NO. G-0004-03 


mo 


(2) the date(s) of, and name(s) of the individual(s) 
who performed the analyses; and 


(3) the analytical techniques or methods used to 
perform the analyses. 


b. Monitoring results shall be reported at intervals 
specified in the permit. 


c. Calculations which require the averaging of 
measurements shall utilize an arithmetic mean 
unless it can be demonstrated by the permittee that 
another method would more accurately describe or be 
representative of the monitored activity. 


Information submitted as a result of any well boring 

shall include a complete driller's log and drawings 

showing details of the well's construction. If 

information must be submitted more than once for the és 
same well, then subsequent submittals shall note that 

the driller's log and construction drawings have already 
been submitted and the date of the initial submittal 

shall be documented. 


Reporting Requirements (R9-20-216 


is 


The permittee shall give ninety (90) days written 
advance notice to the Department of any modification to 
the facility which is not described in the approved 
Notice of Disposal or permit application. 


The permittee shall notify the Department within seventy 
two (72) hours of becoming aware of any permit 
violation. The Department may require the permittee to 
submit a written report within thirty (30) days 
documenting the following: 


a. A description of the noncompliance and its cause; 


b. the period of noncompliance, including exact 
date(s) and time(s), and the anticipated time 
period during which the noncompliance is expected 
to continue if it has not been completely 
correc ted; 


c. action taken or planned to reduce, eliminate, and 
prevent reoccurrence of the noncompliance: If 
applicable, such action shall be in accordance with 
an approved contingency plan; 


d. monitoring or other information which indicates 
that any waste or pollutant may cause an 
endangerment to an aquifer; and 


E. 
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e. noncompliance with a permit condition, or 
malfunction of the disposal system which may cause 
fluid migration into or between aquifers. 


The Department shall be notified in writing at least one 
hundred eighty (180) days prior to abandonment of the 
facility. 


a. The permittee may be required to submit a detailed 
post-closure plan to the Department for approval 
which shall describe what the physical condition of 
the facility will be on the date operations are 
terminated. 


b. The Department may require the post-closure plan to 
include any or all of the following: 


(1) A description of monitoring procedures to be 
implemented by the permittee including 
monitoring frequency, type, and location 
which will be implemented to ensure post- 
closure activities will not violate 
groundwater quality standards; 


(2) a description of procedures for maintaining 
existing groundwater quality protection 
systems; 


(3) a schedule and description of physical 
inspections to be conducted at the facility. 
following abandonment; 


(4) a description of future land or water uses 
or both which may be precluded as a result 
of facility abandonment; and 


(5) identification of responsibilities for post- 
closure cleanup or remedial action in the 
event of pollution of waters of the State. 


Site Examination (R9-20-217 


lL. 


The Department may routinely inspect the facility or an 
activity used for the generation, storage, treatment, 
collection, or disposal of any waste or pollutant, and 
where records are kept, for the purpose of determining 
compliance with these regulations or water quality 
standards, or verifying information submitted in a 
Notice of Disposal, or permit application, or documented 
in a permit including any permit conditions. 


The Department may: 


a. Obtain samples of wastes or pollutants; 
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b. analyze or cause to be analyzed any samples either 
on site or at another location; 


GC. take photographs of waste and equipment processes 
and conditions at the site; or 


d. inspect and copy any pertinent records, reports, 
information, and test results. 


3 Any pertinent information required by the permit to be 
maintained by the permittee shall be available for on- 
site inspection during normal business hours. Split 
samples and copies of photographs will be provided to 
the facility owner or operator if the owner or operator 
requests them at the time the sample(s) is obtained or 
the photograph(s) is taken as the case may be. 


4. Inspections shall be conducted pursuant to the 
appropriate provisions of the Arizona Revised Statutes 
and policies established by the Department. 


Proper Operation and Maintenance (R9-20-218 


The permittee shall at all times maintain in good working 
order and operate properly all treatment works installed or 
used for water pollution control and abatement to achieve 
compliance with the terms and conditions of the permit and 
water quality standards. If required by Article 5 of A.A.C. 
Title 9, Chapter 20, the permittee shall retain the services . 
of an operator certified by the Department at the level 
appropriate to the permitted facility. 


Permit Conditions (R9- 20-220 
Ls Duty to Mitigate 


The permittee shall take all steps to minimize and 
correct any adverse impact on groundwater quality as 
defined in A.A.C. Title 9, Chapters 20 and 21 resulting 
from noncompliance with the permit. 


2. Duty to Reapply 


If a permittee has not been issued a permit for the life 
of the facility, a renewal application in the form of an 
amended Notice of Disposal or permit application shall 
be submitted to the Department no less than one hundred 
eighty (180) days prior to expiration of the existing 
permit. 


3. Duty to Comply 


The permittee shall comply with all terms and conditions 
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of the permit, and take such action as is necessary to 
ensure compliance. 


a. Permit Actions (R9-20-221 


1. 


This permit may be modified, transferred, renewed, or 
revoked for cause. The filing of a request by the 
permittee for a permit action does not stay any existing 
permit condition. 


Permit Modification 


a. 


Request for modification of a permit may be made by 
the permittee, the Department, or any affected 
person and shall identify the specific item(s) to 
be considered for modification. 


Public requests for modification of a permit shall 
be in writing to the Department and shall contain 
technical facts or reasons which justify the 
requested changes. The Department upon receipt of 
the request will notify the permittee, and evaluate 
and determine whether any request for modification 
shall be granted. 


The permittee may be required to submit additional 
information, including an updated Notice of 
Disposal or permit application. 


Only those items considered for modification may be 
changed, and all other conditions of the existing 
permit will remain in effect. 


The following circumstances and occurrences shall 
require modification of a permit: 


(1) Modification to the facility, which justify 
application of permit conditions that are 
different from or absent in the existing 
permit; 


(2) other information that was not available 
when the existing permit was issued, and 
which justifies application of different 
permit conditions; : 


(3) changes in the regulations or standards upon 
which the permit was based which have been 
made after the permit was issued; 


(4) good cause exists for changes in a 
compliance schedule because of conditions 
over which the permittee has little or no 
control, and a change to the permit by 
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modification is a reasonable remedy; 


(5) reason(s) exists for revocation of the 
permit, and the Department determines that 
modification is an appropriate method for 
change; and 


(6) amendment to an approved abandonment plan or 
contingency plan or any other portion of an 
approved Notice of Disposal or permit 
application. 


The suitability of the location of the facility 
will not be reconsidered during the process of 
changing the permit unless new information or 
change to regulations indicate that a violation of 
adopted groundwater quality standards exist and no 
other action is possible to mitigate the violation 
and comply with groundwater quality standards. 


The Department will publish a notice of intent 
pursuant to R9-20-223 to modify a permit before any 
final action is taken. 


With the concurrence of the permittee, the 
Department may make minor modifications to a permit 
for any of the following reasons: 


(1) To correct typographical errors; 


(2) to require more or less frequent monitoring 
or reporting by the permittee; 


(3) to change an interim compliance date in a 
schedule of compliance, provided the new 
date is not more than sixty (60) days after 
the date specified in the existing permit, 
and does not interfere with attainment of 
the final compliance date requirement; 


(4) to change quantities or types of fluids 
discharged which are within the capacity of 
the facility as permitted, and in the 
judgment of the Department would not 
interfere with the operation of the facility 
or its ability to meet conditions prescribed 
in the permit, and would not change its 
classification, if the facility is an 
injection well; or 


(5) to change construction requirements approved 
by the Department, provided that any such 
alteration shall comply with the 
requirements of these regulations. 
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Permit Transfer 


a. 


This permit is transferrable to any person after 
thirty (30) days advance written notice to the 
Department. The Department may require 
modification of the permit to change the name of 
the permittee and incorporate any requirements 
which may be necessary to ensure compliance with 
State statutes and regulations. 


The permittee shall notify by registered letter a 
new owner or operator of a permitted facility of 
the existence of the permit thirty (30) days prior 
to transfer of responsibility. The notice shall 
include a copy of the permit. A copy of the letter 
shall be transmitted to the Department. 


The new owner or operator shall be responsible for 
compliance with the permit upon transfer of 
ownership or operation without regard to whether 
said owner or operator has in fact received the 
notice required by R9-20-221.C.2. 


Permit transfer does not absolve the previous 
permittee of any liability existing at or before 
the time the permit was transferred. 


Permit Revocation 


a. 


b. 


Request for revocation of a permit may be made by. 
the permittee, Department, or any affected person. 


Public requests for permit revocation shall be in 
writing to the Department and shall contain 
technical facts or reasons which justify the 
requested action. The Department upon receipt of 
the request will notify the permittee and evaluate 
the request and determine whether any request for 
revocation should be granted. 


Revocation of a permit is initiated when the 
Department issues a notice of intent to revoke a 
permit pursuant to R9-20-223 to the permittee and 
may be initiated for the following reasons: 


(1) Noncompliance by the permittee with any 
permit condition; 


(2) deliberate failure by the permittee to fully 
disclose all relevant facts when applying 
for a permit; 
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(3) intentional or deliberate misrepresentation 
of any relevant fact at any time by the 
permittee; or 


(4) if it is determined by ADEQ that the 
permitted activity is causing a violation of 
groundwater quality standards and such 
violation can only be regulated to 
acceptable levels by revoking the permit. 


d. If disposal to an aquifer causes a clear, present, 
and immediate danger to the health or welfare of 
persons, the Department may immediately suspend a 
permit. Within fourteen (14) days of the 
suspension, the Department shall issue a notice of 
intent to revoke the permit. The permit shall be 
considered revoked thirty (30) days after the 
notice of intent is issued by the Department unless 
and until a hearing is requested by the permittee 
pursuant to R9-20-222. 


Confidentiality of Information (R9-20-224 


1. 


Any information submitted to or obtained by the 


’ Department pursuant to these regulations may be claimed 


as confidential by the facility owner or operator. Any 
such claim shall be asserted at the time the information 
is submitted or obtained. If no claim is made at that 
time, the Department may make the information available 
to the public without further notice. : 


Claims of confidentiality for the following information 
shall be denied: 


a. The name and address of any permit applicant or 
permittee; or 


b. information which deals with the present or future 
existence, absence, or level of waste(s) or 
pollutant(s) in water. 


Criteria for determining confidentiality are: 


a. A confidentiality claim has been made at the time 
the information was submitted or obtained; 


b. the facility owner or operator has shown that 
reasonable measures have been taken to protect the 
confidentiality of the information, and intends to 
continue to take such measures; 


Ce the information is not, and has not been, 
reasonably obtainable without the facility owner or 
operator's consent; 
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April 13, 1988 


Bob Mesta 
4800 South Fairlane Avenue 
Phoenix, Arizona 85285 


Dear Concerned Citizen: 


This letter is in response to your objection to the issuance of a Groundwater 
Quality Protection Permit for the operation of the Canyon Mine. The 
applicant, Energy Fuels Nuclear, Inc., proposes to operate the Canyon Mine 
uranium mine which is located approximately seven miles south of Tusayan, 
Arizona in Coconino County. The facility consists of a 15 acre operations 
area and mine workings which would extend approximately 1,500 feet below the 
land surface. The production shaft would be sunk by standard drill, blast and 
muck operations. A second shaft for the purposes of ventilation and escape 
would be constructed by the bore-raise method. The shafts are expected to 
penetrate one or more perched saturated zones of limited extent and 

thickness. The main water bearing unit is the Redwall-Muav aquifer which lies 
approximately 2300 feet below land surface. 


The applicant would mine uranium ore in an interval within a breccia 
formation. The interval extends from approximately 900 to 1,500 feet below 
land surface. All runoff from the mine operations area and minewater would be 


impounded in a 6.3 acre-foot lined pond. A 12-inch thick pad of compacted 
limestone and shale, which serves to precipitate soluable uranium, would be 
constructed for the temporary storage of uranium ores which would be 
stockpiled for short durations prior to their transport to a processing plant 
an Blanding; Utah. The mine operations area would be protected from flooding 
by diversion structures designed to control storms with a 500-year recurrence 


interval. Domestic sewage would be discharged to a septic system with a 
design capacity of 1,000 gallons per day. 


Contingency plans, a closure plan and a groundwater monitoring plan, including 
mine seepage monitoring, an on-site monitoring well, and monitoring of Blue 
Springs, Havasu Springs, and Indian Garden Springs, have been incorporated 
into the permit conditions. 


Many people are concerned about Energy Fuels Nuclear performing monitoring at 
the site. Self-monitoring by industry is widely accepted and is generally the 
standard for environmental monitoring. However, as is the case with any self- 
monitoring program, the samples must be analyzed by a state-approved 
laboratory, and this Department would periodically take duplicate samples and 
have them analyzed at the State's own laboratory. You have probably seen the 
list of pollutants which are required in the permit. The list is quite 


The samples from the Hermit Mine monitoring were not analyzed by a state-approved lab. 
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extensive and it would be costly to perform the analysis required. The State 
does not have the personnel and financial resources to perform monitoring as 
often as some have suggested; however, if the operator fails to do acceptable 
testing, the Department could do the monitoring and assess the company for the 
costs. In any case, if the permit is issued, the Department would watch the 
project carefully and take duplicate samples often. 


The Department has received several comments and questions regarding the 
adequacy of the 500 year storm diversions and the storm water containment 
provisions. The purpose of these conditions is to protect both surface water 
quality and groundwater quality. However, these issues as well as Several 
other items in the permit conditions are currently being reviewed and 
evaluated by Department staff. All of these issues will be considered 
carefully before a decision on the permit will be made. 


Many of the commentors have recommended that the State study the cumulative 
impacts of all possible uranium mining. At his time, it is impossible to 
predict how many claims would be developed. A study of such magnitude would 
be extremely expensive and probably require legislative authorization. 
Current laws allow the Department to enforce Aquifer Water Quality Standards 
which protect the aquifers as a source of drinking water. Each project would 
have to demonstrate that these standards would not be violated. This test 
should ensure a high quality review for each project and would ultimately 
limit claim development if the cumulative impacts on groundwater began to 
threaten groundwater quality. 


Others have suggested a moratorium on uranium mining. Unless there were 
evidence that uranium mining would violate environmental laws, a moratorium 
would be unjustifiable and contrary to the environmental policy of the State. 


The Department has received many comments regarding development in and near 
the Grand Canyon. It is my understanding that the U.S. Park Service opposes 
mining in Grand Canyon National Park. The only uranium mine in the park is 
the Orphan Mine which was operating before the parklands were designated, and 
is now closed. The Canyon Mine site is located in the National Forest, and 
the Forest Service has prepared an Environmental Impact Statement which is a 
thorough and comprehensive study of a variety of environmental factors 
including water, air, vegetation and wildlife. The selected alternatives are 
expected to decrease environmental impacts. The conclusion was that the 
impacts would be minimal. You may disagree with that conclusion and wish to 
request that the Forest Service review its approval. 
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The Department of Environmental Quality is currently reviewing the comments 
about the Canyon Mine proposal and will carefully evaluate and consider 
them. All of these valuable comments will be used in making the decision as 
whether to issue or deny the permit for the Canyon Mine. Thank you for your 
concern, your helpful suggestions, and constructive criticism. 


Sincerely, 


Gary M. Ullinskey 

Environmental Health Program Supervisor 
Water Permits Unit 

Office of Water Quality 
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cc: Rich Munson 
Gerald Teletzke 
Ron Miller 


Lyndon Hammon 
Skip Hellerud 
Carol Russell 
Miguel Santiago 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


EVAN MECHAM, GOVERNOR , December 18, 1987 
GERALD H. TELETZKE, PH.D., DIRECTOR 


Arizona Daily Sun 

Attn: Audrey 

Post Office Box 1849 
Flagstaff,-Arizona 86002 


Dear Audrey: 


Enclosed is a revised copy of the Public Hearing Notice for 
Canyon Mine. The highlighted areas are the only areas’ that 
have been changed. 


Per our conversation on Friday, December 18th, we would like 
it to be published on Thursday, December 24, 1987 for four 
consecutive days. The purchase order No. for the notice is 
YL1735. 

If you should have any questions please call me at 257-2264. 
Sincerely, 


And. Hotes 


Linda F. Holden 
Water Permits Unit 


/lh 


Enclosure 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Employer 
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ARIZONA DEPARTMENT.OF ENVIRONMENTAL QUALITY 


EVAN MECHAM, GOVERNOR 
GERALD H. TELETZKE, PH.D., DIRECTOR 


NOTICE OF PUBLIC HEARING 


Pursuant to Arizona Administrative Code, Title 9, Chapter 20, Article 2, the 
Director of the Arizona Department of Environmental Quality will conduct a public 
hearing regarding the following applicants Groundwater Quality Protection Permit to 
solicit public comment and recommendations prior to final action by the Director. 

Public Notice No. 130-87AZGW 

Energy Fuels Nuclear 

One Tabor Center, Suite 2500 

1200 7th Street 

Denver, CO 80202 

Groundwater Quality Protection Permit No. G-0004-03 

The applicant, Energy Fuels Nuclear, Inc., will operate the Canyon Mine which 
is located approximately 7 miles south of Tusayan, Arizona in Coconino County, 
Township 29N, Range 3E Section 20, S 1/2 NW 1/4 N 1/2 SW 1/4 of Gila and Salt River © 
Base Line and Meridian. The facility will consist of a 15 acre operations area and 
mine workings which will extend approximately 1500 feet below the land surface. The 
production shaft will be sunk by standard drill, blast, and muck operations. A 
second shaft for the purposes of ventilation and escape will be constructed by the 
bore-raise method. The shafts are expected to penetrate one or more perched 
saturated zones of limited extent and thickness. The main water bearing unit is the 
Redwall-Mauv aquifer which lies approximately 2300 feet below land surface. 

The applicant will mine uranium ore in an interval within a breccia 
formation. The interval extends from approximately 900 to 1500 feet below land 
surface. All runoff from the mine operations area, and mine water will be impounded 
in a 11.2 acre-foot lined pond. A 12 inch thick pad of compacted limestone and - 
shale will be constructed for the temporary storage of uranium ores which will be 
stockpiled for short durations prior to their transport to a processing plant in 
Blanding, Utah. The mine operations area will be protected from flooding by 
diversion structures designed to control storms with a 500 year recurrence 
interval. Domestic sewage will be discharged to a septic system with a design 
capacity of 1,000 gallons per day. 

Contingency plans, and a groundwater monitoring plan, which includes mine 
seepage monitoring, an on-site monitoring well, and monitoring of Blue Springs, 
Havasu Springs, and Indian Garden Springs have been incorporated into the permit 
conditions. 

The Permit (application)(Notice of Disposal) is available for public review 
Monday through Friday from 8:00 a.m. to 5:00 p.m. at Arizona Department of 
Environmental Quality, Water Permits Unit, 2005 North Central Avenue, Phoenix, 
Arizona 85004. 

The public hearing will be held on January 21, 1987, at 7:00 p.m. at the 
Coconino County Administrative Center, Board Room, 219 E. Cherry Rd., Flagstaff, 
Arizona. 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Employer 


Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona 85004 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Inter-Office Memorandum 
October 22, 1987 


Miguel Santiago, EHS II 
Water Permits Unit 


Debra Daniel, Manager ov) 


State Permits Hydrology Unit 


Michael Leach, Hydrologist MDL 
State Permits Hydrology Unit 


Canyon Mine 


The Draft Groundwater Quality Protection Permit for the above referenced facility 
has been reviewed and the following comments have been made: 


ML:d1 


ADEQ ADM Stock (Rev 


1) 


4-47) 


Upon obtaining all of Phase I ‘(pre-mining) water quality data as 
described in Part II1.B.1.a. of the draft permit, a report which sum- 
marizes the water quality data and establishes the Maximum Groundwater 
Limit (MGL) for each sampling parameter should be submitted to ADEQ. 
MGL's should be assigned using the procedure described in Part 
I1.B.2.b. of the draft permit. 


The proposed Phase III (post-mining) groundwater sampling frequency 
and subsequent data manipulation used to determine the eventual cessa- 
tion of sampling activities (described in Part II.B.1.c.2. of the 
draft permit) should be changed. The problem is that the draft per- 
mit does not take into consideration the potential length of time 
necessary for any contaminated water from the mine shaft to travel 
several hundred feet to the regional water table. If the vadose zone 
is not substantially fractured, travel times could take several years, 
depending on the vertical permeability of the vadose zone rock form- 
ations. Therefore, a long-term, post-closure sampling program should 
be implemented. This sampling program should last 15 years with semi- 
annual sampling of the on-site water supply/monitor well, and the 
springs at Havasu Springs, Indian Garden Springs, and Biue Springs. 

Water quality analyses should include the parameters listed in Part 
I1.B.2.b. of the draft permit, and MGL'*s should remain the same as 
calculated for Phase II (mining) groundwater monitoring. 


The contingency requirements listed in Part II.C.2. of the Canyon 
Mine draft permit should include a report which assesses the impacts 
of a confirmed exceedence_of an MGL occurring at the springs at Havasu 
Springs, Indian Garden Springs, and Blue Springs. 


There are R/M wells in 
Tusayan and Valle, 
AZ, and to the west 
and NW of the mine 


B16. 


The ore is predominately 
located in concentric 
fracture rings encircling 
the throat, within the Supai 
Group (Canyon Mine 
Technical Report, 2017) 


EF did not know the ore is 
in the fracture rings until 
the Hermit Mine flooded in 
1989. (ADEQ-Hermit Mine 
files) 


B17. 


ML:d] 


Reply: Once again, the nearest well which taps the Redwall-Muav aqui- 
fer is 25 miles upgradient from the Canyon Mine. All of the domestic 
and livestock wells in the Mine area obtain their water from perched . 
aquifers. The only residents in the Mine area who might use ground- 
water from the Redwall-Muav (besides the Canyon Mine workers) are 
members of the Havasupai Tribe, and the springs from which they get 
their water is being monitored. Therefore, in general, there is act- 
ually very little use of the Redwall-Muav aquifer in the Canyon Mine 
area, especially downgradient (north) of the Mine, and the groundwater 
quality sampling will assure that the water is not being effected 

by mining operations at the mine. 
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Comment: Factors such as karst limestone and numerous fractures and 


faults which permit rapid flow between geologic layers have not been 
taken into consideration in the draft permit. 


Reply: During field investigations and exploratory drilling oper- 
ations, no evidence of faulting or fracturing around the Canyon Mine 
breccia pipe was found. Also, even if there is fracturing in the 
Redwall-Muav, the bottom of the mine shaft is over 1000 feet above 

the regional water table and is found within the top of the Supai 
Formation (sandstone). Therefore, the geologic and structural aspects 
of the mine site have been considered and along with the reply to 
Comment A5, it is the opinion of ADEQ that the Canyon Mine presents 
no threat to the underlying Redwall-Muav aquifer. 


Page 4 - Paragraph 6 


Comment: The draft permit requires only one monitor well which is 
insufficient due to a lack of knowledge of the groundwater flow direc- 
tion. In fact, this well may be located upgradient from the mining 
operation and any potential flow of contaminants. 


Reply: Please refer to the replies to Comments A5 and A8. 
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TO: File 


FROM: Miguel A. Santiago 
EHS II 
Water Permits Unit 


RE: Responsiveness Summary 
Canyon Mine Groundwater Quality 
Protectin Permit No. 6-0004-03. 


Attached are responses to comments generated during the 
internal/external review period and public hearings for the 
Canyon Mine permit. Comments concerning hydrology aspects 
were addressed by Michael Leach, State Permits Hydrology Unit. 


The public hearing was held on February 18, 1988 and the 
deadline to submit comments was March 10, 1988. 


MAS:pj 


ADEQ/ ADM; Stock (Rev. 4-87) 
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& 
NAM =E& AND COMMENT RE Pb Y 
1. Dave Kreamer, Ph.D. 
la. Comment: Steps should be taken to prevent vertical move~ fla. Reply: Any mine water encountered during shaft sinking opera- 
ment of any aquifer water, perched or otherwise, along tions will be pumped to the surface into the lined impound- 
the shaft. Such movement could add severe deletérious ment. Similarly, any mine water encountered during mining 
effects to the local groundwater regime. operations will be collected in. the mine sump (located at 
the bottom of the mine shaft) and pumped to the surface into 
the lined impoundment. This is the basis on which the Canyon 
Mine has been classified as a non-discharging facility. 
lb. Comment: Although groundwater monitoring is required in lb. Reply: The purpose of the pre-mining water sampling is to 
the pre-mining phase of operations, no limits are set (in determine ambient water quality conditions so that Maximum 
the draft permit) to what will be done if anything is Grovidwater Limits (MGL's) for each sampling parameter can 
found. . be -stablished using the procedure described in Part II.B.l.a. 
of the Canyon Mine draft permit. Upon obtaining all of the 
pcee-mining water quality data, a report which summarizes 
the water quality data and establishes the MGL for each sampl- 
ing parameter will- be applied to groundwater quality data 
obtained from the mining and post-mining phases. 
lc. Comment: The pre-mining activities have the potential to] 1c. Reply: It is unclear what Dr. Kreamer is referring to when 
alter the existing groundwater regime (therefore) must he states that the monitoring process itself could alter 
have safeguards in place to assure that the monitoring the existing hydrologic regime. If the concern was towards 
process itself does not create a problem. perched water percolating down to the Redwall-Muav aquifer 


and somehow altering the hydrogeologic regime, it should 
be noted that the well was drilled to 2,281 feet below the 
ground surface, and 8-5/8 inch blank steel casing was installed 
and the annulus between the casing and the drilled hole was 
pressure cemented up to the ground surface, where the surface 
casing cement was encountered. A 7-7/8 inch borehole was 
then drilled through the cement to a total depth of 3,086 
feet, and a 5-1/2 inch blank and perforated steel casing 
was set from 2,166 feet to total depth. A total of 200 feet 
of perforated casing was set with alternating sections of 
blank steel casing in the interval from 2,634 to 2,960 feet. 
Therefore, since the hole has been pressure cemented from 
the ground surface to immediately above the regional water 
table, and therefore effectively sealed, no perched water 
should percolate downwards by way of the on-site monitor 
well. 


NAM 5B.AN DE COMM EN.T 


ld. Comment: The term “geologic unit" has not een defined ld. 
in the draft. 


le Comment: It is unusual for a single well in a karst region to be le 
considered adequate for monitoring potential contaminant 
migration. 


The ore is predominately in fracture rings, surrounding the throat of the pipe, 
within the Supai Group. (Canyon Mine Technical Report, 2017) The fracture 
rings are not inverted, they are wider at the surface and cut down to (and maybe 
through) the Redwall limestone, thus acting as a funnel. 


a ine Comment: The mining and post-mining phases of the monitorz-l1lf. 
ing plan have no stipulation for sampling the wells in 
the surrounding area. 


Re oP Loy 


Reply: As provided on page 10 of the draft permit, the term 
"geologic unit" means a geologic formation, group of formation 
or part of a formation. 


Reply: The bottom of the mine shaft is over 1000 feet above 
the regional water table and is geologically -located within 
the sandstone region. of the upper Supai Formation. In other 
words, no miniog is occurring in the Redwall-Muav (which 


may exhibit karst features), and/d@ue /to/aack/of fracturing 


Due to the lack of fracturing, the path of any seepage (if 
seepage from the bottom of the mine shaft did occur), would 
roughly resemble the shape of and inverted cone distorted 
by lateral flow at impermeable layers. Since the Redwall- 
Muav is more than 1000 feet below the base of the mine, the 
base of the saturated water column at the water table would 
emcompass a great amount of area, including the entire Canyon 
Mine Site. Therefore, a single well (whether or not it is 
downgradient, upgradient, pumping, or shut down) would be 
sufficient in monitoring any groundwater quality changes 
due to percolating mine water. 


Reply: The groundwater supply well at the Canyon Mine taps 
the water from the Redwall-Muav aquifer where the water level 
has been measured at over 2,500 feet below the ground surface 
at the Mine. 


lg. 


lh. 


NAME AND COMMENT 


There was a former stock well situated right on the Canyon Mine site at A (29-4) 20BCD 
(55-645736), and at least four other Kaibab stock wells within ~ 5 mile radius of the mine 
drilled prior to 1985. 


This stock well mentioned (55-645735), is located within the New Years breccia pipe 
which was claimed and explored by Shell Oil. Along with the Canyon claims, the New 
Years claims were transferred to Energy Fuels in 1982. Both the Canyon and New Years 
livestock wells appear to have been boreholes from Shell Oil’s exploration drilling and 
were drawing (the perched water was intersected) from within the Kaibab Formation. 


Comment: Mining operations could adversely impact ground-]1 3. 


water quantity (due to groundwater pumping). 


Comment: Because a 24-hour suspension of pumping could 
produce misleading results in certain hydrogeologic situa- 
tions, the static water level measurement and groundwater 
sampling should be performed before and after the 24-hour 
pumping suspension. 


LE 


lh. 


REPLY 


A 1985 report prepared by Errol Montgomery and Associates 
on groundwater conditions in the Canyon Mine region states 
that a reconnaisance of all the wells in the site region 

indicates that the nearest well which taps the Redwall-Muav 
is A(25-2)27aba, located 25 miles upgradient of the Canyon 


Mine. The wells referred to in the Canyon Mine EIS which 
extend down to a depth of over a thousand feet are not in 
the Redwall-Muav. Therefore, there are no other wells in 


the Canyon Mine area from which to obtain groundwater samples 
from the only aquifer that seepage from the Canyon Mine could 
possibly effect. 


the nearest perched aquifer well is about one-half mile away 
at A(29-4)3l1cda. The local wells referenced in the Canyon 
Mine EIS are most likely obtaining water from the Toroweap 
Formation or the Coconino Sandstone, both of which are several 
hundred feet above the proposed depth of the base of the 
Canyon Mine main shaft. Therefore, there is no possibility 
of mine water getting into either of these aquifers, and 
thus there is no reason to monitor any wells which lie within 
these perched aquifers. 


Reply: Water quantity concerns are wider the authority of 
ADWR. A copy of the draft permit was submitted to members 
of ADWR and they had no comments on it. 


Reply: The direction of groundwater flow in the Redwall- 
Muav aquifer is generally to the north towards large springs 
along the south wall of the Grand Canyon and its southern 
tributary canyons. Review of facility maps shows the supply/ 
monitor well about 400 feet due north of the mine shaft, 
which would place the well directly downgradient of the mining 
operations. Therefore, whether or not the well has’ been 
pumping would make no difference since both situations will 
result in the well obtaining water from directly below the 
mine shaft. Thus it is the opinion of ADEQ that groundwater 
sampling of the well before the well pump is shut off is 
not necessary. 


Ly. 


1k. 


NAME AND COMMENT 


Comment: The exact meaning of 
mine is not defined in the draft permit. 


Comment: Analysis of mine inflow waters and springs are 
restricted to the parameters listed in Part II.B.l.a. 
and other parameters such as the stable isotopes of 
hydrogen and oxygen might be helpful. 


Comment: The phrase “sampling can be discontinued when 
the sampling (well) is no longer accessible", is vague 
and should be clarified. 


"significant inflow" to the 


LF. « 


lj. 


1k. 


REPLY 


In any case, after a 24-hour cessation of pumping the static 
water level will be measured. After the static water level 
measurement is taken, three borehole volumes (as measured 
from the water table to the bottom of the well) of water 
will be evacuated from the well prior to groundwater sampling. 
Given the approximate depth to water of 2,564 feet and a 
total well depth of 3,086 feet, three borehole volumes of 
water would be about 2500 gallons. At 5 gpm, the well would 
havé to pump about 8.5 hours to evacuate 2500 gallons of 
water from the well. 


Reply: 
has been modified. 


The language of: this section regarding mine inflow 
See 18m. 


Reply: It is the opinion of ADEQ that the sampling parameters 
listed in Part II.B.2.a. are sufficient in monitoring the 
mine inflow water and springs. 


Reply: The proposed Phase 
III (post-mining) groundwater sampling frequency and _ sub- 
sequent data manipulation used to determine the eventual 


cessation of sampling activities (described in Part II1.B. 
l.c.2. of the draft permit) should be changed. The problem 
is that the draft permit does not take into consideration 
the potential length of time necessary for any contaminated 
water from the mine shaft to travel several hundred feet 
to the regional water table. If the vadose zone is not sub- 
stantially fractured, travel times could take several years, 
depending on the vertical permeability of the vadose zone 
rock formations. Therefore, a long-term, post-closure sampl- 

ing program shall be implemented. This sampling program shall 
last 15 years with semi-annual sampling of the on-site supply/ 
monitor well, and the springs at Havasu Springs, 
Springs, and Blue Springs. Water quality analyses 
include the parameters listed in Part II.B.2.b. of the draft ~.. 
permit, and MGL's shall remain the same as calculated for ee 
Phase II (mining) groundwater monitoring. See 18n. he, - 


shall 


Indian Garden a 


iu 


1L. 


1m. 


NAME AND COMMENT 


Comment: A single monitor well, possibly placed hydro- Lh. 
logically upgradient of the mine site may not adequately 
monitor the underlying groundwater from mining effects. 
Comment: Statistical analysis of groundwater quality lm. 
data for the discontinuance of sampling has been met with 
much confusion and skepticism. 


Margaret Vick-Sparks and Silver 


2a. 


2b 


2Cis 


2d. 


Comment: The basis for the calculation of a 500-year, 2a. 
24-hour precipitation event was not identified in the 


draft or final Environmental Impact Statements. 


Comment: A provision should be added to part II.A.3. that] 2b. 
states that all materials not meeting the specifications 
for either tie impoundment structure or septic tank are 
to be disposed of by hauling to appropriate disposal 
facilities off the Mine site. 

Comment: Water sampling should be performed on wells and | 2c. 
springs in the Mine vicinity. 


Comment: One monitoring well is not sufficient to detect 
contamination into the aquifer. In addition, due to the 
lack of knowledge of the groundwater flow direction in the 
aquifer (Redwall-Muav), there is no evidence showing that 
the monitor well has been properly sited. 


2d. 


REPLY 
Reply: Please refer to the replies to Comments le,lf,and 
lh. 
Reply: Please refer to the reply to Comment ik and 18n. 
9 
Reply: Discussion with Charles F. Leaf, P.E. indicated that 


he used precipitation data for the Mine area obtained from 
the National Weather Bureau and the Bureau of Reclamation. 
Information regarding the use of Soil Conversation Service 
(SCS) methods in the hydrologic analysis of the site was 
supplied by McCuen and Canonie Engineers, listed in the Re- 
ferences Section of Appendix D of the draft version of the 
Environmental Impact Statement. Please refer to reply to 
comment 5i. 


Reply: The addition of this provision appears to be justifi- 
able and should be included in the permit under Part II.B.3. 
See 18g. 


Reply: Please refer to the reply to Comment 1f. In addition, 
the only major springs in the Canyon Mine area which can be 
attributed to water emanating from the Redwall-Muav are 
already being sampled. Springs emanating from the perched 
aquifers, as eluded to in Comment 1f, have no potential for 
contamination from the. Canyon Mine. 


Reply: Please refer to the replies to Comments le and lh. 


2e. 


2f . 


2g. 


2h. 


NAME AND COMMENT 


Comment: Part II.B.1.a.2. does not contain a contingency 
plan in the event a great deal of water is encountered 
(during shaft sinking). The lined impoundment is not 
large enough to hold large amounts of water. 


Comment: The monitoring parameters listed in Part II.B. 
2.b. do not include any petroleum by-products or organic 
materials which may also be used in the mining operations. 


Comment: During the pre-mining development stage, the 
water should be sampled as it is encountered in the shaft. 


Comment: The term "geologic unit" needs to be identified. 


Comment: The monitor well may not be in the position to 
detect any contaminants from the mine if pumpage from the 
well is suspended for 24 hours. Therefore, samples should 
be taken during pumping and after a 24 hour suspension. 


2e. 


2£) 6 


2g. 


2h. 


zis 


REPLY 
Reply: The transmittal of large amounts of water are not 
expected because it is not characteristic of the perched 
aquifers in the Canyon Mine area. Springs which emanate 


from the perched aquifer layers (Toroweap Formation and Coco- 
nin» Sandstone; at the South Wall of the Grand Canyon indicate 
that the szverage discharge is less than one gallon per minute. 
In addition, these perched aquifers are commonly small, thin, 
discontinuous and therefore prone to drying up if sub- 
jected to even short periods of seepage (i.e. into the mine 
shaft). In fact, only about half of the 16 exploratory 
borings drilled around the Canyon Mine site encountered 
perched water :during:‘drilling operations. These exploratory 
boreholes have provided information on the vertical and 
horizontal extent of the perched aquifers. This data was 
also used in the design of the lined surface impoundment. 
Therefore, the capacity of the lined impoundment (10.24 acre 
feet) will adequately store any seepage from perched water 
layers encountered during mine shaft sinking. 


Reply: We believe the parameters listed in Part II.B.2.b. 
will be adequate in detecting the presence of any mine water 
secpage to the Redwall-Muav aquifer. See 18f and 18g. 


Reply: Water producing zones are sampled as they are en- 
countered in the shaft as ‘stated in Part II.B.l.a.2. of the 
draft permit. The pre-mining water sampling frequencies 


are adequate in determining ambient water conditions and 
establishing Maximum Groundwater Limits (MGL's), which~ is 
the purpose of pre-mining water sampling. 

Reply: Please refer to the reply to Comment ld. 


Reply: Please refer to the reply of Comment Ih. 


23. 


2k. 


oe 


2m. 


2n'. 


NAME AND COMMENT 


Comment: The wells and springs in the site vicinity 
should also be monitored for quantity. 


Comment: Part II.B.1.c. indicated that post-mining 
sampling will be discontinued when the sampling location 
is no longer accessible or when the average concentration 
of all parameters are less than or equal to the MGL plus 
2 standard deviations. This is not adequate and monitor- 
ing should continue for a period of atleast 10 years. 


Comment: The Plan of Operations approved by the Forest 
Service states that upon closure, backfilling materials 
placed into the mine shaft will inciude the addition of 
low grade mine ore and contaminated materials. This 
presents a great potential for contamination. Therefore, 
monitoring should continue for an extended period of time 
after closure. 


Comment: Statistical analysis of groundwater quality 
data for the discontinuance of sampling has been met with 
a great deal of skepticism and confusion. 


Comment: There is no indication in the draft permit that 
ADEQ has taken into consideration any of the specific 
hydrologic, geologic, and other environmental factors as 
required by the Environmental Quality Act at A.R.S. 
49-243B(1). 


2K. 


Zan. 


2m. 


2nis 


RE PG Y 


Reply: Please refer to the reply to Comment 2c.In addition, 
a Groundwater Quality Protection Permit does not deal with 
water quantity concerns, this aspect is under authority of 
the ADWR. 


Reply: Please refer to the reply to Comment 1k. 


Reply: As mentioned in Part II.D.2. of the draft permit, 
all water producing zones will be isolated from lower geologic 
units by the installation of a clay plug. In addition, a 
surface seal will be emplaced in the mine shaft to prevent 
any surface water percolation into the backfilled mine shaft. 
Also, refer to the reply to Comment 1k. on the post-mining 
groundwater monitoring details. 


Reply: Please refer to the reply to Comment 1k. 


Reply: The Department has. considered all data on site- 
specific hydrologic, geologic, and environmental factors. 
Submitted data included reports and ADEQ additional informa- 
tion requests to Errol Montgomery and Associates on the hydro- 
geologic and geologic characteristics of the site vicinity 
and region. In addition, a great deal of data and geologic, 
hydrogeologic and hydrologic conditions of the site were 
presented in the draft and final versions of the Environmental 
Impact Statement for the Canyon Mine. Also, boring logs 
from exploratory drilling in and near the Canyon Mine breccia 
pipe have been reviewed along with well location data gathered 
at ADWR. Therefore, as you can see, a great deal of geologic, 
hydrogeologic data has been reviewed and taken into considera- 
Exon. 


aoe 


AME AND COMMENT 


20. Comment: The entire population of the region around the 20. 
Canyon Mine depends on groundwater from the Redwall-Muav 
aquifer. 

2p. Comment: Factors such as karst limestone and numerous 2p 


~ fractures and faults which permit rapid flow between 
geologic layers have not been taken into consideration in 
the draft permit. 


2q. Comment: The draft permit requires only one monitor well | 2q. 
which is insufficient due to a lack of knowledge of the 
groundwater -flow direction. In fact, this well may be 
located upgradient from the mining operation any any 
potential flow of contaminants. 


3. Pamela Adams 
3a. Comment: This permit perpetrates the position of blind 3a. 
acceptance of industry data without the severe and tho- 
rough scrutinizing of knowledgable regulatory agency. 


REPLY 


Reply: Once again, the nearest well which taps the Redwall- 
Muav aquifer is 25 miles upgradient from the Canyon Mine. 
All of the domestic and livestock wélls in the Mine area 
obtain their water from perched aquifers. The only residents 
in the Mine area who might use grondwater from the Redwall- 
Muav (besides the Canyon Mine workers) are members of the 
Havasupai Tribe, and the springs from which they get their 
water is being monitored. Therefore, in general, there is 
actually very little use of the Redwall-Muav aquifer in the 
Canyon Mine area, especially downgradient (north) of the 
Mine, and the groundwater quality sampling will assure that 
the water is not being affected by mining operations at the 
mine.: 


Reply: During field investigations and exploratory drilling 
operations, no evidence of faulting or fracturing around 
the Canyon Mine breccia .pipe was found. Also, even if there 
is fracturing in the Redwall-Muav, the bottom of the mine 
shaft is over 1000 feet above the regional water table and 
is found within the top of the Supai Formation (sandstone). 
Therefore, the geologic and structural aspects of the mine 
site have been considered and along with the reply to Comment 
le, it is the opinion of ADEQ that the Canyon Mine presents 
no threat to the underlying Redwall-Muav aquifer. 


Reply: Please refer to the replies to Comments le and lh. 


Reply: It is the practice of ADEQ to examine all hydrogeo- 
logic data which is relevent to a particular facility. The 
Groundwater Protection Permit Program requires the permit 


applicant to submit data in support of the permit. This 
data along with any other data on the area available to the 
Department is. reviewed for accuracy and consistency. This 


process is followed for all Groundwater Protection Permits. 


NAME AND COMMENT 


Comment is correct 


3b. Comment: Assumptions such as path shape of mineralized 
water draining from the bottom of the mine being an 
inverted cone defies a knowledge of breccia pipes and 
fracture systems. The production of a breccia pipe leads 
to a fracture system which widens near the top of the 
feature. Mineralized water will naturally follow these 
fractures producing a smaller wetted area than that pre- 
dicted by the consultants. 


The Canyon Mine Technical Report (2017), notes that the U mineralization 
is predominately in the concentric fracture rings surrounding the throat/ 
breccia pipe and that the throat of the pipe has minor mineralization. 
Krewedl and Carisey were employed by Pathfinder Mines. Borehole 13C 
(drilled 10/1984) suggests that EF was aware that there is U ore centered 
=1,740’ bls, and this mineralization is not in the throat. 


38. 


RE P GY 


As discussed in the reply to Comment la., the facility is 
considered to be non-discharging and it is the opinion of 
of ADEQ that the information reviewed for this facility (see 
Comment 2n.) is adequate to complete a hydrologic review. 


Reply: First of all, the main mine shaft is not in the brec- 
cia pipe itself but vertically adjacent to it. Horizontal 
shafts are shot into the sides of the pipe directly to the 
best’ ore concentration zones as determined by exploratory 
borings. This mining technique minimizes the amount of 
mine: shaft in the breccia pipe. In addition, the breccia 
pipe to be mined is fully mineralized which means that the 
materials within the pipe have been recemented and fine- 
grained carboncaceous materials have filled the void spaces. 
As a result, the mineralization process has created an im- 
permeable zone within the breccia pipe. Laboratory tests 
on rock cores from’the Canyon Mine breccia pipe have given 
hydraulic conductivities less than 10-9 cm/sec. Therefore, 
any mine water encountered in the horizontal mine shafts 
within the breccia pipe would not percolate into the pipe 
formation but instead would be collected in the sump at the 
base of the mine shaft (not within the breccia pipe) and 
pumped to the surface impoundment. 


Breccia pipes consist of two interrelated parts: 
cone and throat (attached figure I). Similar in formation 
to karst sinkholes in the southeastern U.S., breccia pipes 
in the Grand Canyon region originate in the Redwall Limestone. 


the collapse 


The throat consists of the downward displaced and brecciated  : 


strata as young as the Triassic Chinle Formation. The col- 
lapse cone surrounds the throat above the Coconino Sandstone 
level and was caused-by dissolution within the Kaibab and 
Toroweap formations. Its area of influence is much wider 
than the throat and can be expressed on the plateau surfaces 
by concentric, inward-dipping beds. 

is found mostly within the throat in strata that range from 
the Toroweap Formation to the supai Group (Krewedl and Cari- 
sey, 1986). 


weap Fm 260-800 © 
BRADY CANYON @ SELIGMAN Ma 


Coconino Ss 


ee ee 


Ii 
it 


Hermit Shale 


80-1400 FI 


| 
AES 
il 


+ te 
— = 


| 


LH 
| 


_——— + oe 


{| . 
. ‘| 
° 


200-400 Fi 


Esplanade Ss : lots | (-. ; ‘ete > 


--eom—me 


Redwall Ls = Tt 
ecrern =o} \ j t LS ie eee. eee veer 


@ ee 00 METERS 


Figurel. Stratigraphy end schematic cress aecties of 


Maser oe 


NoAeM EY AND GC OMM EN T 


The ore is predominately located within fracture rings surrounding the Supai Group 
(CM Tech Report, 2017). 


It would not have been possible to determine if there was faulting or fracturing by 
EF’s surface exploration drilling. 


Only 5-7 surface boreholes, drilled by Energy Fuels, were complete cores (12C - 15C, maybe 
15W, and maybe the stratigraphic column borehole is a separate borehole than 16C). Cores 
12C-15C and strat column exhibit fracturing (There is no log for 15W and only partial log for 
16C). The rest of the boreholes were rotary drilled with 5’ or 10’ of spot cores collected 
intermittently. It would not be possible to determine faulting and fracturing from drill cutting. 
Plus, on 3 separate occasions, some of the drill cuttings were lost to flash flooding. 


According to the R/M well log, the contact between the Hermit Shale and Esplanade 
Sandstone (Supai Group) is ~1,230’ bls, the lower Supai Group starts ~1,350’ bls., and the 
top of the Redwall Limestone is ~2,242’ bls. 


~ 3c. Comment: 
toring well will not intersect an area of potential 
contamination. 


3d. Comment: Other statements such as the calculated slow 


rate of hydraulic conductivity implies a poor knowledge of 


the reality of highly fractured and faulted geologic 
region. 


3e. Comment: 


per year is inadequate. In a karst aquifer system the 


monitoring of springs is the most effective and efficient 


method of discovering pollutants. The spring sampling 


should be conducted at least quarterly to reflect varying 


hydrologic conditions. 


3£. Comment: An independent party should be collecting and 
analyzing samples to verify field and laboratory tech- 
niques. 


There is a very high probability that the moni- 


The spring monitoring schedule of at least once 
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3d. 


3e. 
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: Please refer to the replies to Comments le and lh. 


Reply: Please refer to the second part of the reply to 
Comment 3b. 


Reply: It is the opinion of ADEQ that the spring monitoring 
schedule is adequate. However, please refer to reply to 
comment 1k regarding post-closure sampling. 


the sampling requirements prescribed in their permits. As 
a check on field sampling procedures and data validity it 
is proposed that ADEQ obtain split samples with EFN of monitor 
well and ‘spring water samples during the initial round of 
sampling, and annually afterwards. 


‘ 3g. 


3h. 


x. 5 


35. 


3k. 


NAME AND COMMENT 


Comment: The term “water producing zones" needs to be 
defined. The amount of water that constitues a zone 
needs tc be quantified. 


Comment: The statement that sampling needs to be com-' 


pleted on an annual basis for geologic units that continu 


to produce water needs to be expanded. A quantitative 
value for the amount of water should be included in the 
permit. 


Comment: Significant inflows should be reported to the 
ADEQ at the time of their discovery, not on a quarterly 
basis, 
The term significant needs definition. 


Comment: Spring monitoring should be conducted on a 
quarterly basis, instead of an annual one, to detect 
seasonal variations in hydrologic conditions. 


Comment: Other springs in the area should be tested to 
establish baseline conditions and then be sampled ona 
routine basis to reduce the chance of missing pollutants 
that are moving through the groundwater system. 


for high water yields could impact mine operationgd. 


3g. 


3h. 


re 


33. 


3K. 


11. 


REPLY 


This practice will ensure that EFN follows the correct field 
sampling procedures and also validate the water quality data 
obtained from the laboratory retained by EFN, and therefore 
eliminate the need for an independent party to obtain samples 
for EFN. All samples collected as prescribed in the permit 
will be analyzed by a state certified laboratory, not Energy 
Fuels Nuclear (EFN). See 180. 


Reply: The term "water producing zones" in the case of the 
Canyon Mine means a geologic unit(s) or parts of a geologic 
unit: which contain groundwater that may seep into the mine 
upon shaft sinking. The quantity of mine inflow water neces- 
sary to qualify as a water producing zone for monitoring 
of inflow quantity and quality should be the minimum amount 


of water necessary to register on the flow measurement device 
or to obtain a water sample. This volume will most likely 
be in the area of a few gallons per minute. 

Reply: Please refer to the reply to Comment 3g. 

Reply: Please refer to the replies to Comments li. and 2g. 
Reply: Please refer to the reply to comment 3e. 

Reply: Determination of baseline conditions of the springs 


will be accompished with the use of previous water quality 
data obtained from the springs and pre-mining spring sampling 
It is the opinion of ADEQ that the springs to be sampled 
(Havasu, Indian, and Blue) are representative of the water 
quality in the Redwall-Mauv aquifer downgradient of the mine 
site, especiallv. as Ms. Adams mentions. since over 90% of 


aL. 


3m. 


3n. 


30. 


3p. 


NAME AND COMM EN T 


Comment: In a karst terrain, monitoring wells are not 
particularly effective in the detection of pollutants. 
Emphasis should be placed on the spring monitoring 
programs. 


Comment: The condition that allows the sampling to be 
discontinued when the sampling location is no longer 
accessible is totally inadequate. The sampling program 
should be discontinued after a long, 
no unusual chemical events. 


should not be based 
the MGL. This could 
of a sample that sho 
the beginning of a 


Comment: Abandonment of the program 
on average concentrations less than 
potentially diminish the importance 
higher concentrations and indicated 


pollution plume being averaged with lower, normal read- 
ings. 
Comment: The concept that an anomalously high sample 


will be rejected is absurd. The high values may be an 
indication of a pollutant slug moving through the aquife 


Comment: The Permit does not demand the highly touted 
"best available technology" implied as the standard in 
earlier ADEQ organizational meetings. 


Comment: An independent study of the geohydrologic con- 
ditions at the mine site is sorely needed. This should 
be conducted by a state or federal agency familiar with 
unbiased, scientific research and developed with an em- 
phasis on understanding the karst aquifer system. 


Comment: A non-toxic dye should be introduced into the 
holding ponds on a regular basis to make leak detection 
and isolation easier. This will greatly enhance the pro- 
cess of determining if mine leakage or pollutants in the 
monitoring well analysis is derived from the holding 
ponds. 


fixed time period of 


3L. 


3n. 


30%. 


3p. 


a2. 


Re Pe ¥ 


Reply: It is the opinion of ADEQ that the current spring 
monitoring program is adequate in detecting any contaminants 
present in the Redwall-Mauv. Also, please refer to the reply 
to Comment le.and 3b. 


Reply: Please refer to the reply to Comment 1k and 18n. 

* 
Reply: The Best Available Demonstrated Control Technology 
(BADCT) is part of the upcoming Aquifer Protection Permits 


program which is in the rule development stages and has not 


yet been enacted. However, we feel this facility would fullfill 
our upcoming BADCT Guidelines. 


Please refer to the reply to Comment 3a. 


It is the opinion of ADEQ that the impoundment moni- 


Reply: 
toring requirements prescribed in Part II.B.1.b. of the draft 
permit are adequate. 


4. 


3q. 


3r. 


3s. 


>3t. 


3u. 


3v. 


NAME AND COMMENT 


Comment: In karst terrains spring monitoring is the most 
effective method of detecting pollutants. 
in the area should be monitored, as groundwater flow is 
not accurately known. Perched aquifers above the Redwall 
Limestone are important sources of water for desert big- 
horn sheep and other canyon wildlife. 


Comment: Groundwater sampling should :periodically! be per- 
formed by an outside agency to verify sampling techniques 


Comment: The monitoring program needs to continue for 
some time after the abandonment of the shaft. The progra 
should include spring monitoring along with well monitor- 
ing. 


Comment: The entire mine shaft should be lined with clay 
to assure that heavy metals dissolved in leaking waters 
will bind with the clays and not enter the groundwater 
system. 


Comment: There are several assumptions in the Montgomery 
Report that other hydrologists have all claimed are wrong 
and yet you (ADEQ) don't even question that. 


Comment: If the company uses the enhanced evaporation 
techniques, then they will not need this amount of free- 
board and if that's true, what incorporates an enhanced 
evaporation technique? 


Julie Hirsch 


4a. 


Comment: Fine-grained bedding material described as 
"sandy material" and \% inch gravels will act like a sieve 
and will fail to prevent passage of pollutants into the 
vadose zone in the event of a defect in the impoundment 
liner. 


All the spring$ 


3q. 


3r. 


3s. 


3t. 


3Us 


3Vv. 


4a. 


i 


REPLY 


Reply: Please refer to the reply to Comment 3e. 
refer to the reply to Comments 1f. and 2e. 


Also, please 


Reply: Please refer to the reply to Comment 3f. 
¢ 
Reply: Please refer to the reply to Comment Ik. 
Reply: This proposed activity is not realistic or feasible. 


Please refer to the reply to Comment la. 


Reply: It is the purpose of the Public Hearing and public 
comment period for members of the public to express their 
views on the proposed permit. As of the end of the public 
comment period (3-10-88) only one prominent hydrologist had 
submitted any comments to- ADEQ and his concerns have been 
addressed. 


Reply: The facility is required to maintain the minimum 
freeboard even if they use enhanced evaporation techniques. 
The enhanced evaporation techniques employed would be a pump- 
ing system to spray water through nozzles over the surface 
of the pond to increase evaporation. All water would be 
contained within the impoundment perimeter. 


Reply: The purpose of the sands and gravels beneath the 
lined impoundment is to provide a solid, uniform base and 
not to provide a deterrent to impoundment seepage into the 
vadose zone. It is the opinion of ADEQ that the synthetic 
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4b. 


4c. 


4e. 


4f. 


NAMRF AND COMMENT 


Comment: Were the baseline water characteristics deter- 
mined before or after site disturbance? 
mined after site disturbance, proposed methods for deter- 
mination of significance of samples are ill founded and 
misleading. 


Comment: Methods for sampling the supply/monitoring well 
will tend to dilute samples. 


Comment: What are significant inflows? How many cubic 
feet? Mine inflows should be monitored closely (weekly), 
particulary since test wells CYN-14c and CYN-3 hit fluid 
levels at 885 feet and 907 feet, respectively. 


Comment: Why will spring water quality not be subject to 
Maximum Groundwater Limits? 


Comment : 


quate. 
dual samples within the MGL, 


The proposed post-mining monitoring is inade-' 


not an average. Monitoring 


Sample discontinuation should be based upon indivi 


4b. 


If they were deter 


4c. 


4d. 


4e. 


“At. 


14. 


REPLY 
Reply: It is unclear what Ms. Hirsch is calling a site 
disturbance. Certainly the monitor well installation 


at the site did disturb the area, but it is necessary 
in order to obtain the water quality baseline charac- 
teristics. All baseline data will be obtained prior to 
mining operations. 


Reply: It is unclear what Ms. Hirsch is referring to 
in.this statement. If it is the practice of removing 
three well volumes of water before obtaining a sample, 
it should be noted that this is standard procedure for 
well sampling, since a fresh groundwater sample is being 
obtained which is more representative of the aquifer. 


Reply: Please refer to the reply to Comment li. Also, 
it is the opinion of ADEQ that quarterly monitoring of 
mine inflow water during mining operations is adequate. 


Reply: According to the Draft Environmental Impact State- 
ment (DEIS), previous sampling of Havasu, Indian Gardens 
and Blue Springs indicates that detectable concentrations 
of radioactive elements are currently present. Breccia 
pipes similar to the pipe found at Canyon Mine and other 
mineral deposits are believed to be common in the Grand 
Canyon region. Therefore, no MCL's will be placed upon 
the spring watér because any contaminants detected at 
the springs may not be traceable to the Canyon Mine or 
any other specific source, especially considering the 
large distances from these springs to the Canyon Mine. 

The three springs are being monitored because local Indian 
tribes have expressed concern over potential spring con- 
tamination, and no wells or other springs presently exist 
between the mine site and the three monitor springs that 
obtain water from the Redwall-Mauv. 


Reply: Please refer to the reply to Comment Ik. 


4g. 


43. 


NAME AND COMMENT 


must be continued for a defined time period based upon 
flow rates between the mine site and springs. 


Comment: Individual concentrations that exceed the MGL by 
more than the standard déviations used for routine moni- 
toring must be followed by intensive sampling. High 
values must not be rejected as anomalous. 


Comment: Intermediate test wells must be monitored 
between the mine site and the springs, presently there are 
no provisions for intermediate monitoring sites. 


Comment: It must be proven that the mine site production/ 
monitor well is properly placed to accurately reflect 
impacts of the mining operation upon groundwater quality. 


Comment: EFN should not be allowed to do their own moni- 
toring and an independent monitoring agency should be 
employed for this mine. 


Comment: An independent board of hydrologists should 
review this permit. 


Comment: There are several prominent hydrogeologists who 
have comments on this permit and feel that sections are 
inadequate. , 


Comment: If EFN was not drilling a production well would 
they be required to drill a well for monitoring purposes? 


Strumia 
Comment: Gravels .25 inch or smaller are porous. Why use 
a porous material under the liner? 

Comment: If your aim is water quality protection, then 
why increase baseline by two standard deviations? Why not 


lessen the tolerance rather than increase it? 


4g. 


4h. 


4j. 


4k. 


5a. 


DD. 


1S. 


REPLY 


Reply: Reply refer to the reply to Comment lf. 

* 
Reply: Please refer to the reply to Comment le. and lh. 
Reply: Please refer to the reply to Comment 3f. 
Reply: Please refer to the reply to Comment 3u and 2n. 
Reply: No. As discussed in Comment la, this is a non- 


discharging facility. Installation of the approved water 
supply/monitor well was not an ADEQ requirement. See 
reply to Comment le. 

Reply: Please refer to the reply to Comment 4a. 


Reply: As stated in the draft permit, the purpose of 
Phase I monitoring at the on-site well is to determine 
baseline’ groundwater conditions. A statistical analysis 
of background data will be undertaken to show the natural 
variability in chemical levels in the waters to be sampled. 


5. 


5d. 


5e. 


5f. 


5g. 


5h. 


NAME AND COMMENT 


Comment: The regional aquifer will be monitored at only 

3 locations (springs), and some miles from the mine, only 
once per year, and during flow periods which tend to dilut4d 
any pollutants. This is inadequate. 


Comment: When a really high concentration (post-mining, 
Phase III at monitor well) is observed, you do not insist 
on pursuing it but reject it as anomolous. Absured, in- 
adequate, and written in the operator's best interests. 


Comment: No organization can be given reign to monitor 
their own activities. 


Comment: Annual sampling of 
springs is ludicrous because 
good does it do to monitor a 
might have been contaminated 


the monitor well and the 

it is after the fact. What 
spring once a year when it 
six months previous? 


Comment: I'd like to see monitoring happen once a month, 
with self-monitoring report forms due at the end of each 
month, and that information made public the minute it come 
back from the lab. 


Comment: I'd like to know if the liner will actually be 
constructed of 36 mil Hypalon or some other material that 
is equivalent to it, and wheter that material is subject 
to chemical degradation, photo-degradation. 


Sic’. 


5d. 


9's 


SA 


16. 


REPLY 


This 
mean 


analysis included the establishment of an arithmetic 
of previous data plus two standard deviations of 
this data from the mean to reflect the natural variability. 
This practice is very common and does not establish back- 
ground levels which are in excess of higher background 
concentrations obtained from previous samplings. 


Reply: Please refer to the reply to Comment 3e. In 
addition, it should be added that the springs must be 
flowing in order to sample them. 

Reply: Please refer to the reply to Comment 1k. 

Reply: Please refer to the reply to Comment 3f. 

Reply: Please refer to the reply to Comment 3e. Also, 


in the event of pollutants being present in the Redwall- 
Mauv aquifer that have emanated from the mine, it is very 
unlikely that contaminants would move through the aquifer 
in a "slug", especially when you take into consideration 
the ability of contaminants to disperse, slow groundwater 

velocities in an aquifer (even a karst aquifer) environ- 
ment, and the great distances to these springs. : 


Reply: It is the opinion of ADEQ that the prescribed 
sampling frequencies are adequate. Upon submittal of 
the laboratory results to ADEQ, these results will become 
available to the public. 


Reply: Please refer to 18a The liner was manufactured 
by Watersaver, Inc. of Denver, Colorado and composed of 
36 mil Hypaion, Approximately 96,000 ft* of liner were 
installed using 7 separate .panels which were field-seamed 
together. All factory and field seams were air lanced 


ee Se Ss Se Se 


6. 


5i. 


53. 


NAME AND COMMENT 


Comment: I've been told that the method for estimating 5s 

these flood events is called the Roskey method. I've been 

told that the Department of Transportation has rejected 

that same method. I'd like to know why the Department of 

Environmental Quality uses that method to estimate pre- 

cipitaion events. ga 
j- 

Will modifications be made public and subject 

Or will 


Comment : 
to public approval or at least public comment? 
they be confidential? 


Frank Findlay 


6a. 


6b. 


Comment: All of the area (Canyon Mine) consists of highly] 6a. 
fractured limestone that does not hold water such as stock 


ponds without lining or special treatment. 


Comment: The proposed pad for storage of uranium ores 
will not work if it is constructed of limestone and shale, 


and there snouid be an impervious membrane under the 
compacted material, as for the pond. 
Limestone has no neutralizing effect on uranium 


https://www.energy.gov/em/moab-uranium-mill-tailings-remedial-action- 
umtra-project 


The U.S. taxpayers are still paying for this 
mill to be remediated nearly 30 later 


REPLY 


Reply: In the report entitled "Downstream Hydrologic 
Impacts of the Proposed Canyon Mine" contained in the 
Environmental Impact Statement prepared by the U.S. Forest 


Services, flood peaks and volumes upon which the conceptual 


drainage plan was based were computed using Soil Conserva- 
tion Service method. 


Reply: Request for modification of the permit may be 
made by the permittee, the Department, or any affected 
person. Public requests for modifications are made in 
writing to the Department. As stated in Part: IV.H.2.g. 
the Department will publish a notice of intent to modify 
a permit for any modification other than minor modifica- 
tions before any final action is taken. 


Reply: The surface impoundment at the facility will have 
a synthetic liner. In addition, the Kaibab Limestone 
which appears at the ground surface is not found at the 
base of the proposed mine shaft which would be the only 
other point at which potentially contaminated water could 
percolate to the regional aquifer. The base of the mine 
shaft will be found within the Supai Formation which has 
exhibited very little or no fracturing as based upon ex- 


ploratory drilling operations. 
What chemical reaction is this statement based on? 


w 
) 
ue) 
hg 


be present, The effectiveness of the limestone pads has 
been demonstrated in actual practice. In 1977, under a 
license from the Nuclear Regulatory Commission (NRC), 


# 
=) 


and, 
fact, only the top several inches of the pad material con- 
tained any radiological contamination. All runoff from 


thaanenn 2 


a 


18 


NAME AND COMMENT REPLY 


Comment: As far as septic tank goes, most septic tanks in 6c. Reply: Please refer to 18e and ‘18g. 
my 26 years experience as a Civil Engineer, unload twice ; 

a year. The effluent coming out of the septic tank is 

worse than the effluent going into it to try to stop this 

from polluting groundwater is almost impossible. 


Comment: We do have flash floods in that county. A 500- 6d. Reply: Please refer to reply to comment 2e and 2a. 
year flood may or may not solve the problem. We have 

a bad habit in this state, especially down south of hav- 

ing a 100-year storm followed by a 100-year storm, followed 

by a 200-year storm. There's no way that you can predict 

what's going to happen. 


. Ivy Millman 


Ja. Comment; Exactly what materials will be used for the Ja. Reply: Please réfer to reply to Comment 4a and 5h. 
holding tanks’ A fine-grained material and .25-inch 
thick material is tne difference between clay and 
gravel. 


7b. Comment: Exactly what will seep through these porous ; 
materials, and at wnat rate? 7b. Yeply: Once again, the sands and gravels beneath the pond 
oct as a base and it is not expected that any surface 
impoundment water will move through the liner into the 
sands and gravels. Water in the surface impoundment will 
generally consist of facility surface runoff and mine 
inflows. 


7c. Comment: Exactly what justification is there for EFN Jc. Reply: Please refer to the reply to Comment 3f. 
doing their own monitoring? 


7d. Comment: Why should EFN be able to change the standards 7d. Reply: The draft permit does not allow the facility to 
for the drinking water? change any established drinking water standards. It simply 
states that if ambient groundwater concentrations for any 
constituent (obtained prior to mine operations) at the on- 
site monitor well exceed an established drinking water 
standard, the Maximum Groundwater Limit will then be the 
ambient concentration and no aroundwater analitv dearada— 


NAME AND COMMENT 


8. Charles Silver 


8a. 


8b. 


9. _ Kirk 


9a. 


9b. 


9c. 


Comment: By the provisions of this permit, EFN will be 
allowed to take its own monitoring samples and this is 
just not right. Please insist that an independent 
monitor be used monthly to sample and that a indepen- 
dent lab be used for analysis. 


Comment: According to the permit wording EFN will be 
taking many of its tests samples during the highest 
flow rates at Indian Gardens and Havasu Creek. 


Bastian 


Comment: I do not understand why the Department of 
Environmental Quality is. going to allow the operator 
to do all site monitoring. It is totally unacceptable. 
conflicting interest is involved here. An independent 
company should do sampling. 


Comment: What is the location of this monitoring well 
in relation to the mine shaft, as far as the direction of 
groundwater flow? Is it above or below the flow? 


Comment: As far as permit modification, there's no 
statement of a public meeting per permit modification, 
which should be implemented in the draft. 


8a. 


8b. 


9a. 


9b. 


9c. 


19 


REPLY 


Reply: Please refer to the reply to Comment 3f. It is the 
opinion of ADEQ that the proposed sampling frequencies in 
the draft permit are adequate. 


Reply: Part II.B.1.b.5. of the draft permit simply states 
that springs will be sampled during flow periods on an 
annual basis. Obviously there must be some flow occurring 
at the spring in order to obtain a sample. 


Reply: Please refer to the reply to Comment 3f. 


Reply: Please refer to the rzply to Comments ie and ih. 
It is located approximately 465 feet from the mine shaft 
and 140 feet from the nearest edge of the surface impound- 
ment. , 


Reply: Please refer to reply to comment 5j. 


20. 


NAME AND COMMENT 


SS EN ESET DEERE, GSE 


10. Karen Benthian 


10a. 


10b. 


Comment: I also feel an independent monitor is necessary be- 
cause the permittee has conflicting interest. 


Comment:.. It mentions here that six inches of fine-grained 
bedding material underlining the liner shall consist of 
sandy material and shall contain no gravels greater then 
-25 inch. A fine-grained bedding material is clay. 


11. Jaques Serronde 


i i bs a 


ile. 


lid. 


12. Mark 
12a. 


Comment: You cannot give the coyote charge of monitoring 
the chicken house (allow EFN to do their own monitoring). 
This is a very clear conflict of interest. 


Comment: It's well-known that the geology of the region 
is very complex. The formations are highly faulted, the 
moving and migration of water between formations already 
happens to a great extent along fault lines. 


Comment: They're proposing sinking shafts through at 
least three different aquifers. No mention is made of ho 
they're going to seal off these aquifers from each other. 


Comment: I'm not aware of any mention being made of dis- 
posal of the evaporated concentrated radioactive waste 

in the facility pond. It seems to me that needs be ad- 
dressed, as we know nationwide and worldwide there's no 
solution at present for the disposal of radioactive waste. 


The Canyon/Pinyon Plains pond water is contaminated with radioactive 
waste pumped from the sump. EF was aware that the water pumped from 
the Pigeon Mine’s sump had U, Ra and As contamination in it. 


Warden 

Comment: We are asking that an independent company moni- 
tor the mine site, the test well, and the surrounding 
springs. 


10a. 


10b. 


lla. 


11b. 


NG ewe 


Lids 


12a. 


RE P-L ¥ 

Reply: Please refer to the reply to Comment 3f. 
Reply: Please refer to the reply to Comment 4a. 

* 
Reply: Please refer to the reply to Comment 3f. 
Reply: Please refer to the second part of Comment 3b. 
Reply: Due to the reasons presented in Comment 
2e. no attempt will be made to seal-off perched 
aquifers from one another. 
Reply: First .of all, the Canyon Mine facility 


will not generate any tailings, which are essentially 
the residual waste products created by the processing 
of ore to extract uranium during milling process. 
Tailings usually contain varying amounts of the 
chemicals employed in the extraction process. 
The milling process will be done at a facility 
in Blanding, Utah. Please refer to 18g regarding 
Closure/Post Closure Pian. 


Reply: Please refer to the reply to Comment 3f. 


i 


i3. 


14, 


WAL E AND COMME NT 


Bob Lippman, 


13a. 


Nancy 
l4a. 


14b. 


14c. 


14d. 


14e,. 


Comment: This permit that you have issued a draft of, isa. 
with its mere 700 feet buffer between excavation and 

aquifer, with its self-monitoring provisions, with its 

lack of bonding, its apparent lack of best available 

control technology and management practices, etc. is 
insufficient and perhaps unconscionable under the cir- 


cumstances. 


Zierenberg 
Comment : 
draft permit. 


Surface water quality is not mentioned in the 14a. 


Is that the responsibility of DEQ? 


Comment: I question whether the liner will be fullproof] 14b. 
why sandy material is being used instead of clay, and 
how evaporation will be "enhanced"? What are the actual 
methods used? 

Comment: Crushed limestone and shale would not seem to 14c. 
be a substance that would limit water seepage at all. 
The purpose for this pad is not stated in the draft per- 
mit. 

Comment: I definately question whether quarterly test- 14d. 
ing of groundwater on site is enough, whether annual 

springs check are adequate, especially during peak flow, 

as that would tend to dilute pollutants. 

14e. 


Comment: Why isn't DEQ doing the monitoring? 


REP GY 


Reply: Please refer to reply to Comment le., 3f., 3r., 
and 3n. 

‘ 

Reply: Monitoring for surface water quality is a provi- 


sion under the Federal Clean Water Act's National Pollu- 
tant Discharge Elimination System (NPDES). Under this 
system, no facility can discharge to surface waters or 
their tributaries without a NPDES permit. The Canyon 
Mine Application for NPDES Permit for the mine drainage 
and runoff water was withdrawn by the applicant in 
November, 1986. Therefore all mine waters as well as 
storm water runoff within the site will be directed 
to the lined impoundment. No discharge will be permitted 
from this facility. 


Reply: Please refer to reply to Comment 3v. and 4a. 
Reply: Please refer to reply to Comment 6b. 
Reply: Please refer to reply to Comment 3e. 
Reply: ‘Please refer to reply to Comment 3f. 


NAME AND COMMENT 


15. Peter Drobeck 


15. 


I urge you to approve their permit immediately. Their 
uranium deposit was formed by circulating ground waters 
with naturally elevated uranium concentrations. Ground 
water in the region must have high background uranium 
concentrations or the deposit could not have formed. By 
mining the deposit, they are removing uranium from the 
local environment, thus reducing the average concentra- 
tion of uranium in contact with groundwater... 


16. Richard R. Beard-Az. Department of Mines & Mineral Resources 


16. 


I can see no way that this mining operation could pose 
a threat to the groundwater or to the rest of the en- 
vironment... 


Therefore, in view of the positive effect that the pro- 
per utilization of our mineral resources will have and 
considering Energy Fuels Nuclear's attitude and record 
in safeguarding our environment, I strongly urge you £o 
issue the subject permit as promptly as legally possible 


17. Bill Casadwall 


17. 


I am currently employed as an exploration geologist in 
the Arizona Strip and was involved in the exploration 


hich overlie 
the orebody and the impermeable nature of those which 
underlie it, make the possibility of contaminating the 


underlying Redwall-Muav aquifer extremely remote... 


Independent hydrogeologic studies supported by the 
Forest Service in the Canyon Mine EIS indicate that the 
potential for contamination of the Redwall-Muav aquifer 
due to the uranium mining is practically nil. However, 
since some doubt continues to remain, 


22. 


REPL ¥ 


aloe We thank you for your comments. 


16. We thank you for your comments. 


17. We thank you for your comments. 


In 1989, Casadwall noted at a conference that EF made some errors on early 
assumptions. Such as: there is pyrite mineralization that was oxidized to hematite, 
not hematite reduced to pyrite which was originally assumed. For the pyrite to be 
oxidized to hematite, the pyrite had to have come into contact with groundwater. 


Indian Garden is in a separate side canyon, UP-GRADIENT, from Orphan Mine. 
Some springs down-gradient from Orphan Mine definitely have contamination . 


NAME AND COMMENT 


The fact that the water from the orebody will not con- 
taminate the underlying aquifer... 


I urge the Arizona Department of Environmental Quality 
to grant the water quality permit requested by Energy 

Fuels. The available data indicate that there will be 
no long-term adverse impacts from these operations. 


REPLY 


23. 


18. 


“<<, 


NvA ME A NOD. C OoM'M EN T 


Specific Amendments to the Draft 


18 a. 


18 c. 


18 e. 


is f. 


Part II.A.1l.a. 


Part II.A.l.a. 


Part II.A.l.a. 


Part II.A.l.c. 


regarding the impoundment liner. 


regarding the liner bedding. 


regarding enhanced evaporation. 


regarding storm run-off. 


4 


Part II.A.2. Sewage Disposal 


Part II.A.3.a. 


regarding lined impoundment. 


18 a. @ e a with 36-mil thic 
alo a_du sist exible etic 


membrane liner. 


18 b. In order to prevent mechanical damage, the liner shall 
be underlaid by 6 inches of predominantly fine grain bedding 
material which shall contain gravel no greater than 1/4 inch. 


18 c. The use of enhanced evaporation techniques shall be 
allowed for controlling water level in the lined impoundment 


additio e e nimum freeboard. 
18 d. In order to divert the storm run-off away from the 


mine site, the operator shall construct stormwater diversion 
structures, as referenced... 


18 os Domestic sewage from the travel trailers and office 


5, 6s sed nt septic system desj d 
Ow oO ce) 8 per day. 
18 f. a @ ssive rthe dis a 
e c and s ate -o 


shall not include... 


NAME AND COMMENT 


18 g. Part II.A.4.c. regarding unauthorized materials. 


18 h. Part II.A.3. regarding fuel storage. 


18 i. Part II.A.6. Other Laws and Rules 


18 j. Part B.1l.a.(1) Regarding Pre-mining Monitoring 


25. 


REPLY 


18 h. 


plus expected precipitation. Any spilled fuel shal] not be 
allowed to enter the lined impoundment described jin Part 


1s j. 

(1) The regional aquifer shall be sampled at the 
monitoring well, Department of Water Resources Well Registry 
No. 55-515772 as located at and constructed as described in 
the Notice of Disposal. The operator shall monitor this wa- 


ter supply/monitoring well quarterly for the parameters 
listed in Part II.B.2.b. 


26. 


Y 
NAME AND COMMENT REPL 


The regional aquifer shall also be sampled at the off-site 
springs: Havasu Springs, Indian Garden Springs and Blue 
Springs_located 42 miles, 14 miles and 28 miles, respec- 

e, The springs shall be sampled 


during flow periods at least once per year for the parameters 
listed in Part II.B.2.b. 


fe) @ fe) tude, of e s n 
monitoring point is: 
: Spring Name Latitude Longitude 
Blue Springs 36° 7'1''N 111° 41'34''W 
I 8 36°4'44''N 112° 7'34''wW 
v 36°13'1''N 2° 41'1lo''W ° 
18 k. Part II.B.1.a.(3) regarding Pre-mining Report 18 k. 
(3) 6 8 ter obt a ° e Phase 
. Ww s des be ove, the permittee shall 
e ent's Water Pe ts U ap- 
e wate da a 
establishes the Maximum Groundwater Limits for each sampling 
amete @ eters sted 
18 1. Part II.B.1.b.(2) Impoundment monitoring 1s il. 


The operator shall inspect the impoundment for me- 


chanical damage, seam failure and maintenance of freeboard on 
a daily basis. e s e 


NAME AND COMMENT 


18 m. 


18 n. 


18 o. 


Part II.B.1.b.(4) Mine Inflow Monitoring 


Part II.B.1.c. 


Part II.B.5. 


Phase III-Post Mining 


regarding split sampling. 


REPLY 


18 m. Mine inflows shall be monitored in the shaft and at 


the mine sump. Within the shaft, discrete samples for water 
quality and quantity... 


Inflows within the mine shall be co cte e sum 
and monitored for ....Quantity of mine a shall BS. ows 
from these operations. Inflows exceeding 25 gpd for more 
than 5 days or inflows exceeding 5 gpd for more than 90 days 
shajl be depicted on a mine map and submitted to ADEQ as part 
of the quarterly report. 


18 n. The purpose of monitoring during the post-mining phase 
is to determine the effectiveness of the closure activities. 


e to ate 
we vis of Water Resources We Re 

No. -515772 and the s s at Havasu ings, Indian 

den Ss s and e 8, semiannu da a 

mu: od _ of ears e@ parameters t 
II.B.2.b. The Maximum Groundwater Limits shall] be those cal- 

te s wate te) fe} 
18 o. The permittee shall contact the Department's State 


NAME AND COMMENT 


18 p. Part II.C.2. regarding contingency requirements. 


18 q. 


18 r. 


Part II.D.1. regarding closure plan. 


Part II.D.2 regarding closure plan. 


28. 
REPLY 


18 p. In the event that it is confirmed that the Maximum 
Groundwater Limits specified in Part II.B.2.b. are exceeded 


e springs a 


Vv 8 e s, the 

operator shall submit ... 

18 q. The operator shall Update and submit the closure plan 

as ere e e e Vv. ™m a 
act S nt otice spo at 


least one hundred and eighty (180) days prior to closure or 
abandonment of the facility 's va 
The operator shall also submit and have approved an updated 
Post-Closure Plan prior to this time. 


18.r. Upon cessation of mining operations, the operator 
shall implement the e ved closure plan. In 
the event that a geologic formation continues to produce wa- 
ter during the operational life of the mine, such formation 
shall be isolated from the lower geologic unit by the inst 
lation of a clay plug, a 40% Cclay/60% crushed shale plug o: 
bentonite plug in the main shaft and the air shaft. 


eee eee 
Wee eee 


NAME AND COMMENT 


SLA EE IEE STG IE 


18 s. Part II.D.3. 


18 t. Part II.E.3. 


regarding abandonment of septic system. 


regarding Compliance Schedule. 


29. 


“Brad L. Doores, Vice President 


GROUNDWATER QUALI~ PROTECTION 
PERMIT NO. G-0004-u3 


_ DF. a ese 


Date ae i 


SHARI F 
STATE OF ARIZONA COURT REPORTER 


GROUNDWATER QUALITY PROTECTION PERMIT 


Part L, AUTHORIZATION FOR FACILITY OPERATION SUCH THAT GROUNDWATER QUALITY 
OF THE STATE OF ARIZONA IS NOT ADVERSELY IMPACTED. 


In compliance with the provisions of A.R.S. 36-1851 et seq; A.A.C. 
Title 9, Chapter 20, Article 2; A.A.C. Title 9, Chapter 21, 
Article 4; and conditions set forth in this permit: 


Facility Name: Operator: 


Canyon Mine Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


is authorized to operate the Canyon Mine, an underground uranium 
mine located approximately 7 miles south of Tusayan, Arizona in 
Coconino County over the groundwaters of Coconino Plateau and 
Basin in Township 29 North; Range 3 East; Section 20, S 1/2 NW 1/4 
and N 1/2 SW 1/4 - Gila and Salt River Base Line and Meridian. 


This permit shall become effective on the date of signature and 
shall be valid for 15 years provided that the facility is operated 
and maintained in compliance with the specific conditions, general 
conditions, and information documented or referenced in Parts I, 
II, III and IV of this Permit and such that Groundwater Quality 
Standards and Aquifer Water Quality Standards are not violated 
(Part V). 


Legal and Regulatory Affairs 


Energy Fuels Nuclear, Inc. A 
soft /3* 
Signed this a2 day of Signed nis) S_ day r( 


of ; 19 3 mr 4 
at Me 
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GROUNDWA: ER QUALITY PROTECTION 
PERMIT NO. G-0004-03 


Part if, SPECIFIC CONDITIONS (R9-20-208.C.) 


A. Disposal/Containment Requirements 


Les Facility Water Containment 


The facility shall be designed, constructed and 
maintained such that there will be no migration of 
wastes or pollutants either directly to groundwater or 
to the vadose zone. 


a. The operator shall be restricted to the disposal of 
mine water and stormwater runoff from a 17-acre 
uranium mine site to a lined impoundment. All 
waters pumped from the underground and all runoff 
from the 17-acre mine operation's area shall be 
directed to the lined impoundment. The 10.24-acre- 
foot impoundment shall be constructed as referenced 
in Exhibit A of the Notice of Disposal. The 
impoundment shall be lined with 36-mil Hypalon, a 
durable, sunlight resistant flexible synthetic 
membrane liner. In order to prevent mechanical 
damage, the liner shall be underlaid by 6 inches of 
predominately fine grained bedding material which 
shall contain no gravels greater than 1/4 inch. 

The operator shall maintain a minimum of 3-acre 
feet (2.2 feet) of freeboard in operating the 
impoundment. The operator shall maintain reserve 
area for the construction of an additional lined 
impoundment following authorization for an increase 
in the mine yard disturbance area. The use of 
enhanced evaporation techniques shall be allowed 
for controlling the water level in the lined 
impoundment in addition to the required minimum 
freeboard. 


b. The ore storage pads shall be constructed of 
crushed and compacted limestone and/or shale not 
less than 12 inches in thickness. The ore storage 
pads shall be sloped toward the edges and a runoff 
collection structure shall be constructed to ensure 
that all runoff from the ore piles shall be 
directed to the lined impoundment. 


Cc. In order to divert storm water runoff away from the 
mine site, the operator shall construct storm water 
diversion structures, as referenced in Alternative 
2 of Appendix D, Downstream Hydrologic Impacts of 
the Appendix Draft Environmental Impact Statement, 
to control waters from no less than a 500-year, 24- 
hour precipitation event. The diversion structures 
shall be constructed from borrow material from 
within the operations area and shall be protected 
with heavy riprap. All construction shall be 
performed to prevent runoff from the mine 
operations area. 


Page 3 of 26 
GROUNDWA. _& QUALITY PROTECTION 
PERMIT NO. G-0004-03 


Sewage Disposal 


Domestic sewage from the travel trailers and office 
buildings shall be disposed of into a septic system 
designed for a flow of 1,900 gallons per day. The 
septic system shall be constructed in accordance with 
plans approved by the Coconino County Health 

Department. The septic system shall consist of a septic 
tank of no less than a 1,690 gallon capacity and 
associated leach lines. 


Fuel Storage 


The 12,000 gallon and 4,000 gallon capacity above ground 
tanks for the storage of diesel fuel and gasoline, 
respectively shall be located within an impoundment 
sized to contain the entire contents of both tanks, plus 
expected precipitation. Any spilled fuel shall not be 
allowed to enter the lined impoundment described in Part 
II.A.1 above. 


Unauthorized Materials 


a. The lined impoundment is exclusively for the 
disposal of mine water and stormwater runoff and 
shall not include any materials that cause 
deterioration of the pond liner as indicated by the 
manufacturer's specifications for the liner 
material. 


b. Materials authorized to be disposed of in the 
septic tank are typical household sewage and shall 
not include mine water, motor oil, gasoline, 
paints, varnishes, laboratory wastes, solvents, 
fertilizers, pesticides or other materials not 
generally associated with toilet flushing, food 
preparation, laundry and personal hygiene. 


Cc. Any material to be disposed of not meeting the 
specifications for either the impoundment or the 
septic tank are to be contained and hauled off site 
and disposed of at an approved facility. 


d. Adequate supervision and operation shall be 
performed to ensure that all users of the facility 
are aware of and understand the 
containment/disposal requirements of Part II.A.1. 


Discharge Source Limits 


Total domestic wastewater flow from the facility shall 
not exceed 1,000 gallons per day. 


6. 
Most of the surface borehole had 
already been drilled below 1,500’ bls. 
Many of the sunsurface boreholes are 
deeper than 1,500’ bls. 

7. 


Page 4 ~~ 26 
GROUNDWA1ER QUALITY PROTECTION 
PERMIT NO. G-0004-03 


Mining Limit 

—— . ki nie 
feet below land surface. 

Modi fication 


This permit is issued contingent upon the above 
conditions. The permittee shall give ninety (90) days 
written advance notice to the Department of any 
modification to the above facility. 


Other Laws and Rules 


The operator must maintain compliance with all other 
State of Arizona laws and rules. The issuance of this 
permit does not waive any federal, state, county, or 
local government rules, regulations, or permits for 
which this facility may have to comply. 


B. Monitoring Requirements, Record Keepin R9-20-215 


lL. 


Monitoring shall be conducted in three phases: 


Phase I - Pre-Mining - Ambient Groundwater 
Characterization 


Phase II - Mining - Evaluation of Possible Impacts 


Phase III- Post-Mining - Evaluate the Effectiveness of 
Closure Activities. 


a. Phase I - Pre-Mining 


The purpose of Phase I monitoring is to determine 
baseline, the ambient groundwater 
characteristics. Ambient groundwater shall be 
defined as the arithmetic mean plus two standard 
deviations of the chemical concentrations for each 
parameter. 


(1) The regional aquifer shall be sampled at the 
monitoring well, Department of Water 
Resources Well Registry No. 55-515772 as 
located at and constructed as described in 
the Notice of Disposal. The operator shall 
monitor this water supply/monitoring wel] 
quarterly for the parameters listed in Part 
1i.B.2.bs 


The regional aquifer shall also be sampled 
at the off-site springs: Havasu Springs, 
Indian Garden Springs and Blue Springs 
located 42 miles, 14 miles and 28 miles, 
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respectively, from the mine site. The 
springs shall be sampled during flow periods 
at least once per year for the parameters 
listed in Part II.B.2.b. 


The location, by latitude and longitude, of 
each spring monitoring point is: 


Spring Name Latitude Longitude 
Blue Springs 3697' 1"N 111941'34"W 
Indian Garden 36°4' 44"N 112°' 34"Ww 
Havasu 36913'1"N 112°1' 10"W 


Water producing zones shall be monitored in 
the shaft during shaft sinking. Discrete 
samples for water quality and quantity shall 
be taken from every geologic unit which 
produces water at the time of shaft 
penetration and quarterly thereafter until 
mining of the breccia formation commences. 


Sixty (60) days after obtaining all of the 
Phase I water quality data, as described 
above, the permittee shall submit a report 
for the Department's Water Permits Unit 
approval which summarizes the water quality 
data and establishes the Maximum Groundwater 
Limits for each sampling parameter. The 
Comprehensive List of Parameters listed in~ 
Part II.B.2.b. shall be utilized for this 
sampling report. 


Phase II - Mining 


The purpose of monitoring during the mining phase 
is to determine what impacts, if any, the operation 
is having on the groundwater quality. 


(1) 


(2) 


Discharge Monitoring j 


On an annual basis the effluent from the 
septic system shall be sampled and analyzed 
for those parameters listed in Part 

LL.B .2<:bi. 


Impoundment Monitoring 


The operator shall inspect the impoundment 
for mechanical damage, seam failure and 
maintenance of freeboard on a daily basis. 
Records of inspection shall be maintained at 
the premises during the operational life of 
the facility. 


(3) 


(4) 
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Groundwater Monitoring 


The operator shall monitor the water 
supply/monitoring well, Department of Water 
Resources Well Registry No. 55-515772, 
quarterly for the parameters listed in Part 
I1.B.2.a. and annually for the parameters 
listed in Part II.B.2.b. Static water level 
in the well shall be measured and recorded 
prior to sample pumping. If the well is 
used for production, pumping shall be 
suspended for 24 hours prior to observing 
the static water level. The operator shall 
evacuate at least one bore volume prior to 
sampling the monitoring well. The amount 
pumped shall be recorded. The water purged 
from the well shall be contained in the 
lined impoundment, stored in impervious 
containers, or used at the mine site. 


Mine Inflow Monitoring 


Mine inflows shall be monitored in the shaft 
and at the mine sump. Within the shaft, 
discrete samples for water quality and 
quantity shall be monitored annually from 
each geologic unit which continues to 
produce water for the parameters listed in 
Part II.B.2.b. This water quality analysis 
shall not be subject to Maximuin Groundwater 
Limits. 


Inflows within the mine shall be collected 
in the mine sump and monitored for quality 
by quarterly sampling and analysis for the 
parameters listed in Part II.B.2.a. and 
annually for the parameters listed in Part 
II1.B.2.b. Quantity of mine inflows shall be 
estimated on a quarterly basis taking into 
account the consumption of water by 
underground drilling and dust control, and 
the return flows from these operations. 
Inflows exceeding 25 gpm for more than 5 
days or inflows exceeding 5 gpn for more 
than 90 days shall be depicted on a mine map 
and submitted to ADEQ as part of the 
quarterly report. 
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(5) Springs Monitoring 


During flow periods at least once per year 
the operator shall monitor the off-site 
springs: Havasu Springs, Indian Garden 
Springs and Blue Springs for the parameters 
listed in Part II.B.2.b. 


Water quality analyses from the Springs' 
monitoring shall not be subject to Maximum 
Groundwater Limits. 


Phase III - Post-Mining 


The purpose of monitoring during the post-mining 
phase is to determine the effectiveness of the 
closure activities. 


The operator shall continue to monitor the water 
supply/monitor well, Division of Water Resources 
Well Registry No. 55-515772 and the Springs at 
Havasu Springs, Indian Garden Springs and Blue 
Springs, semiannually during a minimum period of 15 
years for the parameters in Part II.B.2.b. The 
Maximum Groundwater Limits shall be those 
calculated for Phase II (mining) groundwater 
monitoring. 


Constituents for Analyses 


Two categories of constituents for analysis shall be 
used while monitoring - indicator parameters with Alert 
Levels and comprehensive list of parameters with Maximum 
Groundwater Limits: 


as 


Indicator Parameters 


If laboratory chemical analyses for a water sample 
detects a level of gross alpha, gross beta, and/or 
any of the selected trace elements in excess of the 
alert levels, the source for the water sample would 
be resampled and analyzed for the comprehensive 
list of parameters: 


PARAMETER 


Arsenic 
Barium 
Cadinium 
Copper 
Iron 

Lead 
Manganese 
Mercury 
Nitrate (as N) 
Selenium 
Silver 
Zinc 


Uranium (total 
Gross Alpha 
Gross Beta 
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ALERT LEVEL 
(milligrams 
per liter) 


(=) 
ine) 
[Sal 
MMR WrR MYR MMR Pe 


(picocuries 


per liter) 


) Reserved* 
5.0 
5.0 


9,10 
4,13 
4,13 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be utilized 
for all samples during Phase I of sampling and yearly 
thereafter during Phase II at all sampling sites. . 

This list will also be used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUM GROUND- 


PARAMETER WATER LIMITS REF 1.0, (1) 

milligrams 

per liter) 
Alkalinity 

(as carbonate) Reserved* 4 

Arsenic 0.05 1 
Barium 1.0 2 
Bicarbonate Reserved* 3 
Cadmium 0.010 1 
Calcium Reserved* 2 
Carbonate Reserved* 4 
Chloride Reserved* 3 
Chromium (total) 0.05 1 
Copper 1.0 2 


REF 1.0. (1) 


METHOD OF 


ANALYSIS 


206. 
208. 
213. 
2201. 
236. 
239. 
242. 
245. 
353: 
270. 
272 
289. 


mr PP RR RH PO PO re PO 


703 
703 


METHOD OF 


ANALYSIS 


403 

206. 
208. 
305. 
213, 
215. 
403 

J25« 
218. 
220. 


me re — PO 


mM Ww 


(1) standard references are listed on Attachment I to 


this Permit. 


(Cont'd.) 


PARAMETER 


Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 


Nitrate (as N) 


Phosphate 
Potassium 
Selenium 
Silver 
Silica 
Sodium 
Sulfate 
Total Dis- 


solved Solids 


Zinc 


Specific 


Conductance 


Gross Alpha 


Gross Beta 


Total Uranium 
Thorium 230 


Radium 226 
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Reserved* 
Reserved* 
0.01 

0.05 

Reserved* 
Reserved* 
Reserved* 


Reserved* 
Reserved* 


(micromhos 


per centimeter) 


Reserved* 


(picocuries 


per liter) 


15 

50 
Reserved* 
Reserved* 
Reserved* 


MAXIMUM GROUND- 
WATER LIMITS 


(milligrams 
per _ liter) 


REF 1.p. (1) 


WME DMR DM PWR MME PD W 


rw 


4,13 
4,13 
9,10 
9,10 
4,7 


METHOD OF 


ANALYSIS 


340.2 
236.1 
rae: 
243.1 
243.1 
245.1 
323.2 
424 

258.1 
270.2 
272.1 
ra kal 
31543 


160.3 
299.1 


120.1 


703 
703 


705 ,706 


(1)standard references are listed on Attachment I to 


this Permit. 


* Reserved - Maximum Groundwater Limits shall be based 
on the ambient concentrations of chemical constituents 
A statistical analysis of the results 
of the Phase I monitoring program shall be used to 
determine the Maximum Groundwater Limits as follows: 


in groundwater. 


(1) If a primary or secondary drinking water 
standard or Maximum Groundwater Limit has been 
established for a parameter by Arizona State 
regulatory agencies, and if the arithmetic mean 
plus two standard deviations of concentrations 
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of the parameter in groundwater samples 
obtained during the pre-mining period does not 
exceed the drinking water standard, the Maximum 
Groundwater Limit shall be the same as the 
drinking water standard. 


If the arithmetic mean plus two standard 
deviations of concentrations of the parameter 
exceeds an established primary or secondary 
drinking water standard, the Maximum 
Groundwater Limit shall be the arithmetic mean 
plus two standard deviations of concentration 
of the parameter in groundwater samples. 


(2) If a primary or secondary drinking water 
standard has not been established by the 
regulatory agencies for a parameter and the 
parameter is detected in groundwater samples 
during the pre-inining period, or if the 
arithmetic mean plus two standard deviations of 
concentrations in groundwater samples obtained 
during the pre-mining period exceeds the 
established drinking water standard, then the 
Maximum Groundwater Limit shall be the 
arithmetic mean plus two standard deviations of 
the pre-mining concentrations. 


(3) If a parameter is not detected during the pre- 
mining monitoring period, and a primary or 
secondary drinking water standard has not been 
established for the parameter, the Maximum 
Groundwater Limit shall be twice the detection 
limit for the EPA laboratory method used. 


Monitoring Forms 


All monitoring results shall be recorded and reported on 
the Self-Monitoring Form supplied by ADEQ. This form 
should be given to the laboratory. performing the analysis. 


Reporting 


The permittee shall submit a report summarizing progress of 
the mine development and monitoring results on an annual 
basis. The report shall contain a current site plan, a 
map of the underground mine workings including elevations, 
and shall indicate the locations of all monitoring sites 
required by this permit. All analytical monitoring results 
for the previous quarter shall be postmarked no later than 
the 23th day of the second month following the completed 
reporting period as indicated below: 
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Self-Monitoring Report Forms for are due by 
lst Quarter (Jan, Feb, Mar) May 28 
2nd Quarter (Apr, May, Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
4th Quarter (Oct, Nov, Dec) Feb 23 


All laboratory reports shall be submitted to the following 
location: 


Arizona Department of Environmental Quality 
OWQ - Water Pollution/UST Compliance Unit 
2005 North Central Avenue 

Phoenix, Arizona 35004 


The permittee shall contact the Department's State Permits 
Hydrology Unit and Northern Regional Office at least five 
(5) working days prior to all sampling required by this 
permit, to allow for the collection of split samples, at 
the Department's discretion. 


Contingency Requirements (R9-20-206.0.2. 


be 


Should any of the monitoring results required by this 
permit exceed the alert level specified for a particular 
parameter, the permittee shall immediately notify the 
Department and resample to determine the validity of the 
sample result. 


In the event that it is confirmed that the Maximum 
Groundwater Limit specified in Part II.B.2.b. are exceeded 
at the water supply/monitoring well and/or at the Springs 
at Havasu Spring, Indian Garden Springs and Blue Springs, 
the operator shall submit a hydrogeologic report within 60 
days which assesses the impacts caused by exceeding the 
Maximum Groundwater Limits. 


In the event that the minimum freeboard requirement 
specified in Part II.A.l.a. is violated, the permittee 
shall construct an additional impoundment equivalent in 
a ee to the lined impoundment required by Part 
DLAs lsdis 


In the event that any portion of the containment system, 
fuel storage system or the septic system fails, resulting 
in the violation of permit conditions, the owner/operator 
shall notify the Department's Water Pollution/UST 
Compliance Unit and the Coconino County Health Department 
immediately to determine the appropriate action to mitigate 
the effects of the violation. 


D. 
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Closure/Post Closure (R9-20-206.D.3. and R9-20-216.C.2. 


ey 


The Operator shall update and submit the closure plan as 
referenced in Section 2.5.2. of the Final Environmental 
Impact Statement and Exhibit C of the Notice of Disposal at 
least one hundred and eighty (180) days prior to closure or 
abandonment of the facility for the Department's 

approval. The operator shall also submit and have approved 
an updated Post-closure Plan prior to this time. 


Upon cessation of mining operations, the operator shal] 
implement the updated and approved closure plan. In the 
event that a geologic formation continues to produce water 
during the operational life of the mine, such formation 
shall be isolated from the lower geologic unit by the 
installation of a clay plug, a 40% clay/60% crushed shale 
plug or a bentonite plug in the main shaft and the air 
shaft. 


The operator shall submit engineer certified construction 
plans, specifications and techniques for the installation 
of the plugs, for the Department's approval, sixty (60) 
days prior to their installation. 


In the event of abandonment, the septic tank shall have the 
sewage removed therefrom and be completely filled with 
earth, sand, gravel, or concrete. The top cover over the 
septic tank shall be removed before filling and the filling 
shall extend to the level of the top of the ground. 


Compliance Schedule (R-20-219 


1. 


Within 60 days of the completion of the main shaft sinking, 
the operator shall submit an analysis showing that the 
collection sumps are impermeable and the sumps do not leak 
or the operator shall provide a plan for containment. 


The operator shall notify the Water Pollution/UST 
Compliance Unit no less than 7 days prior to the 
installation of the liner specified in Part II.A.1. 


Within 30 days of the effective date of this permit, the 
permittee shall submit a fuel spill prevention control plan 
certified by a Professional Engineer, for the Department's 
approval. The plan shall include control measures and 
construction features to prevent the contact of spilled 
fuel and/or fuel contaminated storm water run-off with the 
impoundment liner described in Part II.A.1. 
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Part III. REFERENCES: PERTINENT INFORMATION 


A. 


Re ferences 


The terms and conditions set forth in this permit have been 
developed based upon the information contained in the following: 


Ei 


10. 


Groundwater Field Inspection Form(s) dated 


Notice of Disposal dated July 22, 1935 


Groundwater Impact Review dated 
Plan Review File Number 

Permit Application dated 
Groundwater Impact Review dated 
Amendments to 2 and 4 dated 


Public Notice dated December 25, 1987 & January 21-25, 1988 


Public Hearing comments, correspondence letters, and any 
additional supplemental information contained in the 
facility permit file. 


Other Site inspection dated October 20, 1987 
Public Hearing February 18, 1988 


Facility Information 


1. 
Ze 


Facility Contact Person Mr. Mark Chalmers 
Address P. 0. Box 3205 


Grand Canyon, Arizona 86023 
Emergency Telephone Number: Business (602) 643-7321 


Home ( ) 


The Department shall be notified within 30 days of a 
change in the facility contact person. 


Landowner of Facility Site United States Forest Service 


Kaibab National Forest 
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1. "Abandoned" means permanent cessation of facility 
operation, as determined by the facility owner. 
Facilities which are temporarily shut down are not 
considered abandoned within the context of these 
regulations. 


rae "Activity" means any human activity including 
institutional, commercial, manufacturing, extraction, 


agricultural, or residential land use which may involve 


disposal of wastes or pollutants which may result in 
pollution of groundwaters of the State. 


3. “Adverse impact upon groundwater quality" means any 
measurable change to the physical, chemical or 
biological character of groundwater caused by addition 
of pollutants or wastes. 


4.  “Approved" or “approval" means approved in writing by 
the Director. 


5. “Aquifer” means a geologic unit that contains saturated 


permeable material to yield usable (drinking water, 
agriculture, industry, etc.) aes of water to a 
well or spring. 


6. "Composite sample" means a combination of 4 individual 
portions obtained at equal time intervals for 1 hour. 


The volume of each individual portion shall be directly 


proportional to the discharge flow rate at the time of 
sampling. The sampling period shall coincide with the 
period of maximum discharge flow. 


cm "Department" means the Arizona Department of 
Environmental Quality (ADEQ). 


8. “Director” means the Director of the Arizona Department 


of Environmental Quality or his duly au thor ized 
representative. 


9. “Discharge" means the addition, spilling, leaking, 
pumping, pouring, emitting or dumping of any pollutant 
into waters of the State from any point source. 


10. "Discharge Impact Area“ means the potential area 


extent of waste or pollutant migration, as projected on 
the land surface, as a result of a discharge or disposal 


from a facility. 


ll. “Discrete sample" means any individual sample 
collected in less than 15 minutes. 


I. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


als 


23. 
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"Disposal" means the discharge, deposit, well 

injection, dumping, spilling, leaking, or placing of any 
wastes or pollutants into or on any land or water such 
that groundwater is or may be affected. For the 
purposes of this Article, irrigation with effluent from 
a wastewater treatment facility is disposal if the 
application rate exceeds that amount necessary to 
satisfy the consumptive use and leaching requirements of 
the crop or landscaping being irrigated. 


"Disposal system" means a system for disposing of 
wastes either by surface or underground methods and 
includes sewerage systems, treatment works, disposal 
wells and other systems. 


"Facility" means any system or activity in which or 
by which disposal occurs or has occurred on either a 
continuous or intermittent basis. 


“Flow rate" means the volume per unit time given to 
the flow of fluids. 


"Geologic unit" means a geologic formation, group 
of formations, or part of a formation. 


"Groundwater" means water under the surface of the 
earth regardless of the geologic structure in which it 
is standing or moving. Groundwater does not include 
water flowing in underground streams with ascertainable 
beds and banks. 


“Groundwater Quality Standards" means the standards 
in A.A.C. R9-21-403. 


“Hazardous waste” means a waste as defined by the 
Federal Resource Conservation and Recovery Act (P.L. 94- 
580). 


“Hydraulic conductivity" means a measure of the 
capability of a geologic unit to transmit a fluid. 


“Individual disposal system" means a device or 
system for the treatment or disposal of sewage from a 
single housing unit or equivalent. 


“Maximum Disposal Limit (MDL)" means the maximum 
permissible level for a contaminant in an effluent 
stream. 


“Maximum Groundwater Limit (MGL)" means the maximum 
permissible level for a contaminant in water. 


24. 


25. 


26. 


a. 


28. 
29. 


30. 


a1. 


32. 


33. 


34. 
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"Modification" means a change in the location, 

volume, constituent(s) or constituent concentration(s) 
of a disposal which is described in the permit issued 
pursuant to R9-20-208. 


"Operator" means any person who makes management 
decisions regarding facility operations. 


"Owner" means any person holding legal or equitable 
title in any real property subject to these regulations. 


"Permit" means a rule, certificate, letter, or any 
other document issued by the Director authorizing and 
conditioning the discharge of any pollutant to 
groundwater from any point source or disposal of wastes 
from any disposal system identified in A.R.S. Sec. 36- 
136.G.8. 


“Pollute" means to cause pollution. 


“Regulations" means A.A.C. Title 9, Chapter 20, 
Article 2, requirements for facilities affecting 
groundwater quality. 


"Schedule of compliance" or “compliance schedule" 
means a written document issued by the Director which 
identifies requirements and times for compliance with 
either or both the water quality standards in A.A.C. 
Title 9, Chapter 21 or the permit regulations in A.A.C. 
Title 9, Chapter 20. 


“Sewage” means wastes from toilets, baths, sinks, 
lavatories, laundries and other plumbing fixtures in 
residences, and wastes from institutions, commercial 
buildings, mobile homes and other places of human 
habitation, employment or recreation which are similar 
in content to residential wastes. 


"Site" means the area where any facility is 
physically located or an activity is conducted, 
including adjacent land used in connection with the 
facility. 


“Treatment works" means any plant or other works used 
for the purpose of treating, stabilizing, or holding 
wastes. 


"Vadose zone" means the zone between the land surface 
and the principle zone of saturation. 


Page 17 26 
GROUNDWA, R QUALITY PROTECTION 
PERMIT NO. G-0004-03 


Part IV. GENERAL CONDITIONS: RESPONSIBILITIES 


A. 


Permit Duration (R9- 20-210 


he 


Permits shall be valid for the expected operational life 
of the facility under the ownership as set forth in the 
permit unless otherwise limited by Federal or State 
statute or transferred pursuant to R9-20-221.C. 


A permit may be modified or terminated pursuant to R9- 
20-221. 


The owner or operator of the facility may request that a 
permit be issued for a duration that is less than the 
full allowable term. 


Permit Rights (R9-20-214 


L. 


be 


A permit does not convey any property or water right of 
any sort, or any exclusive privilege. 


A permit does not authorize any injury to persons or 
property or invasion of other private rights, or any 
infringement of Federal, State, or local laws or 
regulations. 


Monitoring Requirements; Record Keepin R9- 20-215 


L. 


The permittee shall implement and maintain an approved 
monitoring system if required as a condition of a 
permit. 


a. The permittee shall install, use and maintain all 
monitoring equipment in acceptable condition or 
provide alternate methods approved by the 
Department. 


b. The permittee is required to conduct monitoring of 
a type and frequency sufficient to yield data which 
are representative of the monitored activity. 


The permittee shall retain records or have access to all 
monitoring information, for a period of at least three 
(3) years from the date of the sample, or measurement. 
This period may be extended by written request of the 
Department at any time. Copies of records shall be 
furnished to the Department upon written request. 


a. Records of monitoring information shall inctude but 
are not limited to the following: 


(1) The date, time, exact place, and name of 
individual(s) who performed the sampling or 
measuring; 
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(2) the date(s) of, and name(s) of the individual(s) 
who performed the analyses; and 


(3) the analytical techniques or methods used to 
perform the analyses. 


b. Monitoring results shall be reported at intervals 
specified in the permit. 


CG. Calculations which require the averaging of 
measurements shall utilize an arithmetic mean 
unless it can be demonstrated by the permittee that 
another method would more accurately describe or be 
representative of the monitored activity. 


3. Information submitted as a result of any well boring 
shall include a complete driller's log and drawings 
showing details of the well's construction. If 
information must be submitted more than once for the 
same well, then subsequent submittals shall note that 
the driller's log and construction drawings have already 
been submitted and the date of the initial submittal 
shall be documented. 


Reporting Requirements (R9- 20-216 


1. The permittee shall give ninety (90) days written 
advance notice to the Department of any modification to 
the facility which is not described in the approved 
Notice of Disposal or permit application. 


2. The permittee shall notify the Department within seventy 
two (72) hours of becoming aware of any permit 
violation. The Department may require the permittee to 
submit a written report within thirty (30) days 
documenting the following: 


a. A description of the noncompliance and its cause; 


b. the period of noncompliance, including exact 
date(s) and time(s), and the anticipated time 
period during which the noncompliance is expected 
to continue if it has not been completely 
correc ted; : 


Cs action taken or planned to reduce, eliminate, and 
prevent reoccurrence of the noncompliance: If 
applicable, such action shall be in accordance with 
an approved contingency plan; 


d. monitoring or other information which indicates 
that any waste or pollutant may cause an 
endangerment to an aquifer; and 


Eg 
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e. noncompliance with a permit condition, or 
malfunction of the disposal system which may cause 
fluid migration into or between aquifers. 


The Department shall be notified in writing at least one 
hundred eighty (180) days prior to abandonment of the 
facility. 


a. The permittee may be required to submit a detailed 
post-closure plan to the Department for approval 
which shall describe what the physical condition of 
the facility will be on the date operations are 
terminated. 


b. The Department may require the post-closure plan to 
include any or all of the following: 


(1) A description of monitoring procedures to be 
implemented by the permittee including 
monitoring frequency, type, and location 
which will be implemented to ensure post- 
closure activities will not violate 
groundwater quality standards; 


(2) a description of procedures for maintaining 
existing groundwater quality protection 
systems; 

(3) a schedule and description of physical 


inspections to be conducted at the facility 
following abandonment; 


(4) a description of future land or water uses 
or both which may be precluded as a result 
of facility abandonment; and 


(5) identification of responsibilities for post- 
closure cleanup or remedial action in the 
event of pollution of waters of the State. 


Site Examination (R9-20-217 


Te 


The Department may routinely inspect the facility or an 
activity used for the generation, storage, treatment, 
collection, or disposal of any waste or pollutant, and 
where records are kept, for the purpose of deterinining 
compliance with these regulations or water quality 
standards, or verifying information submitted in a 
Notice of Disposal, or permit application, or documented 
in a permit including any permit conditions. 


The Department may: 


a. Obtain samples of wastes or pollutants; 
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b. analyze or cause to be analyzed any samples either 
on site or at another location; 


C. take photographs of waste and equipment processes 
and conditions at the site; or 


d. inspect and copy any pertinent records, reports, 
information, and test results. 


3 Any pertinent information required by the permit to be 
maintained by the permittee shall be available for on- 
site inspection during normal business hours. Split 
samples and copies of photographs will be provided to 
the facility owner or operator if the owner or operator 
requests them at the time the sample(s) is obtained or 
the photograph(s) is taken as the case may be. 


4. Inspections shall be conducted pursuant to the 
appropriate provisions of the Arizona Revised Statutes 
and policies established by the Department. 


Proper Operation and Maintenance (R9-20-218 


The permittee shall at all times maintain in good working 
order and operate properly all treatment works installed or 
used for water pollution control and abatement to achieve 
compliance with the terms and conditions of the permit and 
water quality standards. If required by Article 5 of A.A.C. 
Title 9, Chapter 20, the permittee shall retain the services 
of an operator certified by the Department at the level 
appropriate to the permitted facility. 


Permit Conditions (R9- 20-220 
1. Duty to Mitigate 


The permittee shall take all steps to minimize and 
correct any adverse impact on groundwater quality as 
defined in A.A.C. Title 9, Chapters 20 and 21 resulting 
from noncompliance with the permit. 


2. Duty to Reapply 


If a permittee has not been issued a permit for the life 
of the facility, a renewal application in the form of an 
amended Notice of Disposal or permit application shall 
be submitted to the Department no less than one hundred 
eighty (180) days prior to expiration of the existing 
permit. 


3% Duty to Comply 


The permittee shall comply with all terms and conditions 
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of the permit, and take such action as is necessary to 
ensure compliance. 


H. Permit Actions (R9-20-221 


he 


This permit may be modified, transferred, renewed, or 
revoked for cause. The filing of a request by the 
permittee for a permit action does not stay any existing 
permit condition. 


Permit Modification 


a. 


Request for modification of a permit may be made by 
the permittee, the Department, or any affected 
person and shall identify the specific item(s) to 
be considered for modification. 


Public requests for modification of a permit shall 
be in writing to the Department and shall contain 
technical facts or reasons which justify the 
requested changes. The Department upon receipt of 
the request will notify the permittee, and evaluate 
and determine whether any request for modification 
shall be granted. 


The permittee may be required to submit additional 
information, including an updated Notice of 
Disposal or permit application. 


Only those items considered for modification may be 
changed, and all other conditions of the existing 
permit will remain in effect. 


The following circumstances and occurrences shall 
require modification of a permit: 


(1) Modification to the facility, which justify 
application of permit conditions that are 
different from or absent in the existing 
permit; 


(2) other information that was not available 
when the existing permit was issued, and 
which justifies application of different 
permit conditions; 


(3) changes in the regulations or standards upon 
which the permit was based which have been 
made after the permit was issued; 


(4) good cause exists for changes in a 
compliance schedule because of conditions 
over which the permittee has little or no 
control, and a change to the permit by 
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modification is a reasonable remedy; 


(5) reason(s) exists for revocation of the 
permit, and the Department determines that 
modification is an appropriate method for 
change; and 


(6) amendment to an approved abandonment plan or 
contingency plan or any other portion of an 
approved Notice of Disposal or permit 
application. 


The suitability of the location of the facility 
will not be reconsidered during the process of 
changing the permit unless new information or 
change to regulations indicate that a violation of 
adopted groundwater quality standards exist and no 
other action is possible to mitigate the violation 
and comply with groundwater quality standards. 


The Department will publish a notice of intent 
pursuant to R9-20-223 to modify a permit before any 
final action is taken. 


With the concurrence of the permittee, the 
Department nay make minor modifications to a permit 
for any of the following reasons: 


(1) To correct typographical errors; 


(2) to require more or less frequent monitoring 
or reporting by the permittee; 


(3) to change an interim compliance date in a 
schedule of compliance, provided the new 
date is not more than sixty (60) days after 
the date specified in the existing permit, 
and does not interfere with attainment of 
the final compliance date requirement; 


(4) to change quantities or types of fluids 
discharged which are within the capacity of 
the facility as permitted, and in the 
judgment of the Department would not 
interfere with the operation of the facility 
or its ability to meet conditions prescribed 
in the permit, and would not change its 
classification, if the facility is an 
injection well; or 


(5) to change construction requirements approved 
by the Department, provided that any such 
alteration shall comply with the 
requirements of these regulations. 
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Permit Trans fer 


a. 


This permit is transferrable to any person after 
thirty (30) days advance written notice to the 
Department. The Department may require 
modification of the permit to change the name of 
the permittee and incorporate any requirements 
which may be necessary to ensure compliance with 
State statutes and regulations. 


The permittee shall notify by registered letter a 
new owner or operator of a permitted facility of 
the existence of the permit thirty (30) days prior 
to transfer of responsibility. The notice shall 
include a copy of the permit. A copy of the letter 
shall be transmitted to the Department. 


The new owner or operator shall be responsible for 
compliance with the permit upon transfer of 
ownership or operation without regard to whether 
said owner or operator has in fact received the 
notice required by R9-20-221.C.2. 


Permit transfer does not absolve the previous 
permittee of any liability existing at or before 
the time the permit was transferred. 


Permit Revocation 


a. 


b. 


Request for revocation of a permit may be made by 
the permittee, Department, or any affected person. 


Public requests for permit revocation shall be in 
writing to the Department and shall contain 
technical facts or reasons which justify the 
requested action. The Department upon receipt of 
the request will notify the permittee and evaluate 
the request and determine whether any request for 
revocation should be granted: 


Revocation of a permit is initiated when the 
Department issues a notice of intent to revoke a 
permit pursuant to R9-20-223 to the perinittee and 
may be initiated for the following reasons: 


(1) Noncompliance by the permittee with any 
permit condition; 


(2) deliberate failure by the permittee to fully 
disclose all relevant facts when applying 
for a permit; 
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(3) intentional or deliberate misrepresentation 
of any relevant fact at any time by the 
permittee; or 


(4) if it is determined by ADEQ that the 
permitted activity is causing a violation of 
groundwater quality standards and such 
violation can only be regulated to 
acceptable levels by revoking the permit. 


d. If disposal to an aquifer causes a clear, present, 
and immediate danger to the health or welfare of 
persons, the Department may immediately suspend a 
permit. Within fourteen (14) days of the 
suspension, the Department shall issue a notice of 
intent to revoke the permit. The permit shall be 
considered revoked thirty (30) days after the 
notice of intent is issued by the Department unless 
and until a hearing is requested by the permittee 
pursuant to R9-20-222. 


Confidentiality of Information (R9- 20-224 


l. 


Any information submitted to or obtained by the 
Department pursuant to these regulations inay be claiined 
as confidential by the facility owner or operator. Any 
such claim shall be asserted at the time the information 
is submitted or obtained. If no claim is made at that 
time, the Department may make the information available 
to the public without further notice. 


Claims of confidentiality for the following information 
shall be denied: 


a. The name and address of any permit applicant or 
permittee; or 


b. information which deals with the present or future 
existence, absence, or level of waste(s) or 
pollutant(s) in water. 


Criteria for determining confidentiality are: 


a. A confidentiality claim has been made at the time 
the information was submitted or obtained; 


b. the facility owner or operator has shown that 
reasonable measures have been taken to protect the 
confidentiality of the information, and intends to 
continue to take such measures; 


Cs the information is not, and has not been, 
reasonably obtainable without the facility owner or 
operator's consent; 
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d. no statute specifically requires disclosure of the 
information; and 


e. the facility owner or operator has shown that 
disclosure of the information is likely to cause 
harm to it's competitive position; or, the 
information is voluntarily submitted and disclosure 
would be likely to impair the State's ability to 
obtain necessary information in the future, 


Enforcement and Penalties (R9-20-225 


Any person who constructs, operates, or maintains a facility, 
disposal system, or introduces wastes or pollutants to waters 
of the State contrary to the provisions of this permit, 
falsifies data or information submitted to the Department as 
a result of the requirements of this permit, or otherwise 
violates the provisions of this permit, shall be subject to 
enforcement and penalties pursuant but not limited to A.R.S. 
36-1864 .01. 


PART V. 
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GROUNDWATER QUALITY STANDARDS 


A. 


General Standards Applicable to all Groundwaters (R9- 21-403 


Lis 


Discharges of any pollutants and disposal of any wastes 
shall not impair the uses which have been made, are 
being made, or will be made of groundwater for every 
purpose. 


Discharges of any pollutants and disposal of any wastes 
to groundwaters of the State shall not cause a public 
health hazard. 


Disposal of any hazardous waste, radioactive waste or 
other waste shall not cause toxic substances to be 
present in groundwaters of the State in concentrations 
which are or may be hazardous to public health or which 
interfere with present and future uses of the 
groundwater. 


Discharges of any pollutants and disposal of any wastes 
to groundwaters of the State shall not directly or 
indirectly cause violation of surface water quality 
standards established pursuant to Article 2 of this 
chapter. 


Se 


ll. 


kes 


13. 
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Prine. pe Nf 10-10-91 
DATE: 05/14/91 FEDERAL EMERGENCY MANAGEMENT AGENCY DSR NO: 91207 
TIME: 01:40PM DAMAGE SURVEY REPORT SUPP TO DSR: 


PART I - PROJECT DESCRIPTION 
COUNTY - COCONINO 


APPLICANT NAME - HAVASUPAI TRIBE 
INSPECTION DATE: 02/21/91 


PROJECT TITLE - SANITARY WASTE DISPOSAL SYSTEM 
DAMAGED FACILITY - SEPTIC SYSTEM LEACH FIELDS DISASTER NO: 0884 
P.A.ID 005-31740 
LOCATION - VILLAGE OF SUPAI CATEGORY F 
% COMPLETE 0 


WORK ACCOM BY: FORCE ACCT 
DAMAGE DESCRIPTION AND SCOPE OF ELIGIBLE WORK: 


THE EXISTING LEACH FIELD WASTE DISPOSAL SYSTEM SERVING THE COMMUNITY OF SUPAI WAS MADE INOPERABLE BY SILT WASHED IN WITH 
FLOOD WATERS WHICH ENTERED THE SYSTEM THROUGH SEWER LINE BREAKS. REPLACING THE LEACH FIELD WASTE DISPOSAL SYSTEM WITH A 
LAGOON WASTE DISPOSAL SYSTEM IS A REQUIRED AND APPROVED FEMA MITIGATION MEASURE ESTIMATED TO COST $456,000. THE INDIAN 
HEALTH SERVICES AGENCY WILL FUND $300,000 OF THE COST WITH FEMA FUNDING THE BALANCE. 


RECOMMENDATION BY INSPECTOR AGENCY 

SSSssesseseeeseessaaesseeeeSeeseesseserses=ess =s=SsSSSSSSS=== 

FEDERAL - GORDON MILLER FEMA 
STATE - 


LOCAL - DON WATAHOMIGIE 


; PART II - ESTIMATED COST OF PROPOSED WORK 
EM CODE MATERIAL AND/OR DESCRIPTION UNIT QTY UNIT PRICE COST mings 


IT 
1 9999 ESTIMATED COST INCLUDING MITIGATION Ls 1.00 $456,000.00 $456,000.00 <m— 

2 9999 LESS IHS FUNDING Ls 1.00 $-300,000.00 $-300,000.00 

' 

TOTAL: $156,000.00 

lip INSURANCE AMOUNT ELIGIBLE: $156,000.00 

YY: TYPE s AMOUNT : fx, DEDUCTIBLE: 75 % FEDERAL SHARE: $117,000.00 

INSURANCE COMMITMENT REQUIRED ELIGIBLE 
TYPE AMOUNT YEARS Y 


DSR NO: 91207 


oN ee ete 
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DATE: 05/14/91 FEDERAL EMERGENCY MANAGEMENT AGENCY 
TIME: 01:40PM DAMAGE SURVEY REPORT 
PART I - PROJECT DESCRIPTION 


DSR NO: 
SUPP TO DSR: 


COUNTY - COCONINO 
APPLICANT NAME - HAVASUPAI TRIBE : 
INSPECTION DATE: 02/21/91 
PROJECT TITLE - TRAIL RESTORATION : 
DAMAGED FACILITY - ACCESS TRAIL TO SUPAI FROM CANYON RIM DISASTER NO: 0884 
P.A.ID 005-31740 
LOCATION - VILLAGE OF SUPAI CATEGORY B 
% COMPLETE 100 


WORK ACCOM BY: 


DAMAGE DESCRIPTION AND SCOPE OF ELIGIBLE WORK: 


FLOOD WATERS DEPOSITED DEBRIS AND EROOED THE ACCESS TRAIL LEADING TO SUPAI FROM THE TRAIL HEAD AT HILLTOP. 


91206 


REIMBURSE LABOR 


COST FOR EMERGENCY WORK TO OPEN THE TRAIL. LABOR COST (EXCLUSIVE OF LABOR BENEFITS) WAS FUNDED 50% UNDER A FEDERAL/STATE JOB 


TRAINING PROGRAM. TRIBAL COST IS 50% OF $6,260 PLUS BENEFITS 412% OF $6,260. 


RECOMMENDATION BY INSPECTOR AGENCY 

SSSSSSeSesssseSSesesessseSer ese sSsSsSeSe=SSs= s===SSSSSS== 

FEDERAL - GORDON MILLER FEMA 
STATE - 


LOCAL - DON WATAHOMIGIE 


PART II - ESTIMATED COST OF PROPOSED WORK 


ITEM CODE MATERIAL AND/OR DESCRIPTION UNIT QTY 
sss5 sss SSSSSSe Sessa eSSSSSSSSSKHrH SSS SSSSSSSSS SS SSSSSSSSSSSSSSsSsereSe=S SSS = =sSsSS=SS== SASSSSsessSssses SSSSSSS= 
1 9999 LABOR COST LS 1.00 $3,130.00 
2 9999 BENEFITS 812% ON $6,260 LS 1.00 $751.00 
TOTAL: 
EXISTING INSURANCE AMOUNT ELIGIBLE: 
TYPE: AMOUNT : DEDUCTIBLE: 75 % FEDERAL SHARE: 
INSURANCE COMMITMENT REQUIRED ELIGIBLE 
TYPE AMOUNT YEARS Y 
COMMENTS/CHANGES ' 


THE 50% PAID BY THE TRIBE IS NOT A COST SHARE PROGRAM. 


UNIT PRICE COST 


$3,130.00 
$751.00 


$3,881.00 
$3,881.00 
$2,911.00 


DSR NO: 91206 


DATE: 05/14/91 FEDERAL EMERGENCY MANAGEMENT AGENCY DSR NO: 
TIME: 01:40PM DAMAGE SURVEY REPORT ; SUPP TO DSR: 
PART I - PROJECT DESCRIPTION 
‘ COUNTY - COCONINO 


APPLICANT NAME - HAVASUPAI TRIBE 
INSPECTION DATE: 02/21/91 
PROJECT TITLE - CONSTRUCTION OFFICE 
DAMAGED FACILITY - VARIOUS TRIBAL FACILITIES DISASTER NO: 0884 
P.A.ID 005-31740 
LOCATION - VILLAGE OF SUPAI CATEGORY G 
% COMPLETE 50 
WORK ACCOM BY: 


DAMAGE DESCRIPTION AND SCOPE OF ELIGIBLE WORK: 


RENTAL OF OFFICE SPACE AND PHONE SERVICE FOR CONSTRUCTION OFFICE. RENTAL PERIOO FROM 11/15/90 TO 5/15/91. 


RECOMMENDATION BY INSPECTOR AGENCY 

BSSSSSecssSesereserserSSsSSSsSssersSSSSS=S=S== SsS=SSS==S= 

FEDERAL - GORDON MILLER FEMA 
STATE - 


LOCAL - DON WATAHOMIGIE 


PART II - ESTIMATED COST OF PROPOSED WORK 


ITEM CODE MATERIAL AND/OR DESCRIPTION UNIT QTY UNIT PRICE ‘COST 
+++ 4 t+ +-+ 4 SSSSSSSSSeSSSaSSSSSSSSSSeeqseeSeeeseeeeereerseasesesesessseesese= sees5 t+ +4 + -4-+ +1 Sesssssssessss SSeS Se= 
1 9999 OFFICE RENTAL Mo 6.00 $150.00 
2 9999 TELEPHONE INSTALLATION & USE Ls 1.00 $375.00 
TOTAL: 
“EXISTING INSURANCE AMOUNT ELIGIBLE: 
TYPE: "AMOUNT: DEDUCTIBLE: : 75 % FEDERAL SHARE: 
INSURANCE’ COMMITMENT REQUIRED ELIGIBLE 
TYPE AMOUNT YEARS Y 


91205 


$900.00 
$375.00 


$1,275.00 
$1,275.00 
$956.00" 


DSR NO: 91205 


Si assignees 
Ai, 


DATE: 05/14/91 FEDERAL EMERGENCY MANAGEMENT AGENCY 
TIME: 01:40PM DAMAGE SURVEY REPORT 

PART I - PROJECT DESCRIPTION 
APPLICANT NAME - HAVASUPAI TRIBE 
PROJECT TITLE - CAMPGROUND FACILITIES 
DAMAGED FACILITY - TOILET STRUCTURES, PICNIC TABLES & TRASH CANS 


LOCATION - HAVASU FALLS CAMPGROUNDS 


DAMAGE DESCRIPTION AND SCOPE OF ELIGIBLE WORK: 


COUNTY 


DSR NO: 


91204 


SUPP TO DSR: 


- COCONINO 


INSPECTION DATE: 02/21/91 


DISASTER NO: 0884 
P.A.ID 005-31740 
CATEGORY G 

% COMPLETE 1 

WORK ACCOM BY: 


FLOOD WATERS DESTROYED 5 WATERLESS TOILETS, WASHED OUT 70 PICNIC TABLES AND 35 TRASH CANS. 
TOILETS (TWO UNITS EACH). PURCHASE 70 PICNIC TABLES. PURCHASE AND INSTALL 35 TRASH CAN RECEPTICLES. REPLACE LOST 


RECOMMENDATION BY INSPECTOR AGENCY 

Bess ersrasesssssznssssssesscssssssssesas=== sssse2ssss=5 

FEDERAL - GORDON MILLER FEMA 
STATE - 


LOCAL - DON WATAHOMIGIE 


PART II - ESTIMATED COST OF PROPOSED WORK 


ITEM CODE MATERIAL AND/OR DESCRIPTION UNIT 
1 9999 FURNISH AND INSTALL TOILETS EA 
2 9999 FURNISH PICNIC TABLES EA 
3 9999 FURNISH AND INSTALL TRASH RECEPTICLES EA 
4 9999 LABOR INCLUDING 12% BENEFITS HR 


EXISTING INSURANCE 


TYPE: AMOUNT: DEDUCTIBLE: 
INSURANCE COMMITMENT REQUIRED ELIGIBLE 
TYPE AMOUNT YEARS Y 


QTy 


35.00 
560.00 


75 


FURNISH AND INSTALL 5 WATERLESS 


UNIT PRICE COST 


$11,400.00 
$190.00 
$200.00 
$5.60 


TOTAL: 
AMOUNT ELIGIBLE: 
% FEDERAL SHARE: 


SIGNS. 


$57,000.00 
$13,300.00 
$7,000.00 
$3, 136.00 


$80,436.00 
$80,436.00 
$60,327.00 


DSR NO: 91204 


we 
. 
x 


DATE: 05/14/91 FEDERAL EMERGENCY MANAGEMENT AGENCY 
TIME: 01:40PM DAMAGE SURVEY REPORT 
PART I - PROJECT DESCRIPTION 


APPLICANT NAME - HAVASUPAI TRIBE ‘ 
PROJECT TITLE - UTILITIES 
DAMAGED FACILITY - WATER AND SEWER LINES 


LOCATION - VILLAGE OF SUPAI 


DAMAGE DESCRIPTION AND SCOPE OF ELIGIBLE WORK: 


FLOOD WATERS WASHED OUT AND DAMAGED WATER AND SANITATION FACILITIES IN THE VILLAGE OF SUPAI. 
WAS ACCOMPLISHED UNDER THE SUPERVISION OF AND WITH MATERIALS FURNISHED BY THE INDIAN HEALTH SERVICE. 


DSR NO: 
SUPP TO DSR: 


COUNTY - COCONINO 


INSPECTION DATE: 02/21/91 


DISASTER NO: 0884 
P.A.ID 005-31740 
CATEGORY B 

% COMPLETE 90 


WORK ACCOM BY: FORCE ACCT 


91202 


RESTORATION OF THE FACILITIES 
LABOR AND EQUIPMENT 


COSTS FOR THE RESTORATION WAS FURNISHED BY THE HAVASUPAI TRIBE. REIMBURSE TRIBAL COST OF LABOR AND EQUIPMENT COSTS TO 


RESTORE UTILITY SERVICES. 


RECOMMENDATION BY INSPECTOR AGENCY 

SSSSSSSSSSsSslcesesaeSSssSSSSSsSSSSsSSTSSSSS= ==SSSSSSS== 

FEDERAL - GORDON MILLER FEMA 
STATE - 


LOCAL - DON WATAHOMIGIE 


PART II - ESTIMATED COST OF PROPOSED WORK 


ITEM CODE MATERIAL AND/OR DESCRIPTION UNIT 
=s=s== mamS SSSSSSeSsSSSSeSSSSSSSSSSSSSSSsSSSSSSSeSSSSSSSSSsSSsSssSssese= SSS 
1 COMPLETED TO DATE 

2 9999 LABOR INCLUDING 12% BENEFITS LS 

3 9999 FUEL FOR TRACTOR Ls 

4 WORK REMAINING 

5 9999 LABOR INCLUDING BENEFITS HR 

6 9999 MATERIALS Ls 

7 9999 TEMPORARY FENCE AT LEACH FIELD LF 


EXISTING INSURANCE 


TYPE: AMOUNT: DEDUCTIBLE: 
INSURANCE COMMITMENT REQUIRED ELIGIBLE 
TYPE AMOUNT YEARS Y 


QTy UNIT PRICE COST 
1.00 $7,895.00 
1.00 $119.00 
40.00 $5.60 
1.00 $200.00 
800.00 $.75 
TOTAL: 


AMOUNT ELIGIBLE: 
75 % FEDERAL SHARE: 


$7,895.00 
$119.00 


$224.00 
$200.00 
$600.00 


$9,038.00 
$9,038.00 
$6,779.00 


DSR NO: 91202 


DATE: 05/14/91 FEDERAL EMERGENCY MANAGEMENT AGENCY DSR NO: 91201 
TIME: 01:40PM DAMAGE SURVEY REPORT SUPP TO DSR: 
PART I - PROJECT DESCRIPTION 
COUNTY - COCONINO 


APPLICANT NAME - HAVASUPAI TRIBE 
INSPECTION DATE: 02/21/91 
PROJECT TITLE - TRAIL SYSTEM . 
DAMAGED FACILITY - RESERVATION TRAILS DISASTER NO: 0884 
P.A.ID 005-31740 
LOCATION - RESERVATION WIDE CATEGORY G 
% COMPLETE 10 
WORK ACCOM BY: FORCE ACCT 


DAMAGE DESCRIPTION AND SCOPE OF ELIGIBLE WORK: 


FLOOD WATERS WASHED OUT AND DAMAGED THE TRAIL SYSTEM IN THE HAVASUPAI INDIAN RESRVATION. LABOR TO RESTORE THE TRAIL SYSTEM 
IS AVAILABLE THROUGH A JOB TRAINING PROGRAM FUNDED BY THE DEPARTMENT OF LABOR. THE TRAINING PROGRAM DOES NOT FUND MATERIALS, 
EQUIPMENT AND TRANSPORTATION NECESSARY TO RESTORE THE TRAILS. THIS DSR PROVIDES THE NECESSARY FUNDING FOR PURCHASE OF 
MATERIALS, EQUIPMENT RENTAL OR PURCHASE WHEN COST EFFECTIVE AND FREIGHT (INCLUDING HELICOPTER) TO RESTORE THE TRAILS. 


RECOMMENDATION BY INSPECTOR AGENCY 

SSSSSlSSSsesesereseeeseeeseeesreeeeS=SS=S===== P+ +++ +--+ + +++} 

FEDERAL .- GORDON MILLER FEMA 
STATE - 


LOCAL - DON WATAHOMIGIE 


PART II - ESTIMATED COST OF PROPOSED WORK . 
EM CODE MATERIAL AND/OR DESCRIPTION UNIT QTY UNIT PRICE COST 


IT 
Sass =s==== BSSSS SSS SSSSH HHS SH SHS SSH SS SSS SHS HHS HSS SKM SSS SS SSS SSS SSSsSSeS= SSS =SSS=SS=5 SSSSSSSSSSsssst SHSSSSSSSSSsssss= 
1 9999 MATERIALS & EQUIPMENT PURCHASE/RENTAL Ls 1.00 $75,000.00 $75,000.00 
2 9999 PACK MULE RENTAL DAY 300.00 $40.00 $12,000.00 
3 FREIGHT & HELICOPTER COST HR 40.00 $450.00 $18,000.00 
4 9999 JOB TRAINING TRAVEL LS 1.00 $500.00 $500.00 
TOTAL: $105,500.00 
EXISTING INSURANCE AMOUNT ELIGIBLE: $105,500.00 
TYPE: AMOUNT: DEDUCTIBLE: 75 % FEDERAL SHARE: $79,125.00 
INSURANCE COMMITMENT REQUIRED , ELIGIBLE 
TYPE AMOUNT YEARS Y 


DSR NO: 91201 


Federal Emergency Management Agency 


Project Listing 


FEMA-884-DR, P.A. 005-31740 
HAVASUPAI TRIBE 


OSR # DESCRIPTION $ ESTIMATED DATE COMPLETED AMOUNT SPENT BY APPLICANT 
Category: A 
791202 UTILITIES $ 9,038 $ 
Fa Labor and equipment to restore 
utility services 
a 91206 TRAIL RESTORATION $ 3,881 $ 
7 Emergency work to reopen 
trail 
Category: F 
YY 71207 SANITARY WASTE DISPOSAL SYSTEM $156,000 $ 


Replace leach field with a 
lagoon waste disposal system 


Category: G 
7 91201 TRAIL SYSTEM $105,500 $ 
vw Materials, equipment and 
transportation to restore the 
trails 
gf Pa CAMPGROUND FACILITIES $ 80,436 $ 


Replace 5 waterless toilets, 
70 picnic tables, and 35 trash 
cans. 


ww 91205 CONSTRUCTION OFFICE $ 1,275 $ 
Rental of office space and 
phone service for construction 
office 


Grand Total: 6 DSRs $356,130 $ 


INSTRUCTIONS 
FOLLOWING COMPLETION OF ALL WORK, COMPLETE THE LAST TWO COLUMNS, THE CERTIFICATION, AND RETURN THIS SHEET TO: 


MR. TOMMIE C. HAMNER, CHIEF 

DISASTER ASSISTANCE PROGRAMS 

FEDERAL EMERGENCY MANAGEMENT AGENCY 
PRESIDIO OF SAN FRANCISCO, CALIFORNIA 94129 


CERTIFICATION: I HEREBY CERTIFY THAT ALL WORK WAS COMPLETED AND ALL 
FUNDS WERE EXPENDED IN ACCORDANCE WITH THE PURPOSES OF 
PUBLIC LAW 93-288. : 


Signed: Date: 
Applicant's Authorized Representative 
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Fluvial Dynamics of Thorium-230 in the 
Church Rock Event, Puerco River, 
New Mexico 


William L. Graf 


Department of Geography, Arizona State University, Tempe, AZ 85287-0104 


Abstract. The largest accidental surface re- 
lease of radioactive materials in the United 
States occurred 16 July 1979, when a uranium 
tailings pond collapsed near Church Rock, 
New Mexico, releasing 378,500 m:? of liquids 
and 1000 mg of solids into the Puerco River. 
The resulting flood wave distributed radio- 
active thorium-230 through an 80-km reach of 
the river. A detailed analysis of 48 km of the 
entrenched channel shows that radionuclide 
concentrations in stream-bed sediments fluc- 
tuated irregularly with increasing distance from 
the source of contamination instead of de- 
clining exponentially as might be expected 
from hydraulic and geographic theory. Hy- 
draulic calculations at 154 cross-sections in the 
48-km reach show that concentrations of ra- 
dionuclides in channel sediments were in- 
versely related to unit stream power gener- 
ated during the peak of the flood wave. 
Concentrations were also inversely related to 
the length of time that shear stress exceeded 
critical values during the passage of the flood 
wave. Regional geologic structure deter- 
mined the arrangement of channel character- 
istics, hydraulic behavior of the flood, and the 
resulting transport and storage of contami- 
nants in the channel. The Puerco River case 
suggests that in dam-burst events, the variable 
downstream distribution of hydraulic prop- 
erties of the flood wave is the primary physical 
control on the geography of potentially haz- 
ardous concentrations of heavy metals. 

Key Words: fluvial processes, arroyos, hazardous 


contaminants, heavy metals, radionuclides, unit 
stream power, Church Rock, Puerco River. 


LUVIAL processes are the primary mech- 

anism for transportation and redistribu- 

tion of heavy metals and radionuclides 
at the earth’s surface. The chemical mobility of 
these potentially hazardous contaminants, their 
atmospheric dispersion, and their pathways in 
biological systems have received considerable 
attention from researchers since the 1950s (e.g., 
Nriagu 1979; Whicker and Schultz 1982), but 
relatively few studies have focused on geo- 
morphological processes and patterns (Graf 
1985a; Leenaers 1989; and James 1989 are ex- 
ceptions). The adsorption of contaminants onto 
soil and sedimentary particles indicates the im- 
portance of sound generalizations founded on 
basic geomorphological principles to explain 
the physical dynamics of contaminated sedi- 
ment in the earth surface environment (For- 
tescue 1980, 249). The environmental fate of 
many radionuclides is also closely tied to the 
physical processes that determine the geog- 
raphy of surface sediments (Hakonson et al. 
1981). Sedimentary processes are significant 
because contaminant concentrations are usu- 
ally much greater in sediment than in water 
(Pfeiffer et al. 1980). The purpose of this paper 
is to characterize the transport and storage of 
contaminants resulting from a dam-burst flood 
ata tailings pond near Church Rock, New Mex- 
ico (Fig. 1). The method of explanation is to 
explore the spatial distribution and fluvial dy- 
namics of thorium in sediments of the Puerco 
River. 

Heavy metals are of particular concern in the 
assessment of environmental quality because in 
high concentrations, they are often toxic (Sittig 
1980). The metals most commonly identified 
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Figure 1. 


Mi Wj Pee | 


Vertical aerial photograph of the United Nuclear tailings pond with its failed dam on 16 July 1989. 


Pipeline Arroyo is at the left and remaining tailings liquids appear as the dark area in the upper right. Some 
sediment was trapped by the toe dam in the form of an alluvial fan. North is toward the top of the photo. Trucks 
on the dam provide scale. Photo courtesy of United Nuclear Corporation. 


with pollution potential are copper, lead, zinc, 
manganese, cadmium, and selenium. From the 
geomorphological perspective, several com- 
mon radionuclides such as thorium, uranium, 
plutonium, and americium are also heavy met- 
als, because these elements have the physical 
characteristic of relatively high density. The 
majority of elements in the periodic table have 
a density equal to or greater than 4.5 gm cm}, 
a commonly accepted threshold for the defi- 
nition of heavy metals (Jarvis 1983) that is much 
greater than the density of most natural river 
sediments. When these materials are included 
in fluvial sediment, they are likely to be dis- 
tributed in similar patterns by physical pro- 
cesses as a result of sorting by weight. 

The geographic and geomorphologic impli- 
cations of high density for the distribution of 
heavy metals in fluvial systems are illustrated by 
defining the critical shear stress required to en- 
train representative sedimentary particles. The 
major control variable in this issue is the spe- 
cific gravity of the material. Particles of com- 


mon quartz sand have a specific gravity of 2.65 
gm cm while those of plutonium dioxide have 
a specific gravity of 11.46 gm cm-3. Application 
of standard hydraulic principles for critical shear 
stress (Simons and Senturk 1977, 402) shows 
that heavy mineral particles of all sizes require 
six times more shear stress for initial motion 
than quartz particles of the same size. The spa- 
tial variability of shear stress and the related 
variable of unit stream power therefore leads 
to preferential entrainment and deposition of 
heavy metals, and definable spatial patterns. 
Heavy metals are often attached to sedimen- 
tary materials as particle coatings (Salomons and 
Forstner 1984, 64), and because small particles 
have greater surface areas relative to their vol- 
umes, metals usually occur in greater concen- 
trations in fine sediment than in coarse sedi- 
ment (Lindholm 1987, 212). In addition to sorting 
sediment by weight, fluvial processes also sort 
by size, providing additional geographic clues 
to the fate of heavy metals in stream systems. 
Because flood plains are the sites of deposition 
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of fine particles, they are also the sites of heavy 
metal concentrations (Wolfenden and Lewin 
1977). 

Previous research into heavy metal distri- 
bution in stream systems has focused on rivers 
where flood-plain deposition has been impor- 
tant in developing generalizations. Carpenter 
(1924, 1925) was the first to note the transport 
of heavy metals in stream sediments. Her work 
in the Welsh lead mining district was extended 
by Jones (1940, 1958), Newton (1944), and later 
by Lewin et al. (1977), Wolfenden and Lewin 
(1977, 1978), and Bradley and Lewin (1982). In- 
vestigations in other areas of Great Britain have 
shown the associations among heavy metals, 
their chemical characteristics, and their geo- 
morphological connections with flood plains 
(Bradley 1982, 1984a, b; Bradley and Cox 1986; 
Macklin and Dowsett 1989). Significant vari- 
ability of heavy metals in flood-plain sediments 
related to timing of deposition has been found 
by Davies and Lewin (1974), Knox (1987), Lewin 
and Macklin (1986), and Macklin and Passmore 
(1988). 

Payne (1971), Plikarpochkin (1971), Muller and 
Forstner (1977), and Marcus (1987) found that 
mixing with uncontaminated sediments led to 
diluted concentrations downstream from pol- 
lution sources. Sayre et al. (1963), Glover (1964), 
Sayre and Hubbell (1965), Yim (1981), and Mann 
and Lintern (1983) investigated the downstream 
distribution of heavy metals, emphasizing dis- 
persion processes. The major result of these 
efforts was to reaffirm the early generalization 
by Wertz (1949) that concentrations of heavy 
metals decreased in the downstream direction 
away from the source. In many cases, the re- 


lationship between distance and metal con- — 


centration was a negative exponential function 
familiar to geographers in a variety of distance- 
based models. Watters et al. (1983, 91) accu- 
rately summarized the recent state of knowl- 
edge applicable to all heavy metals: ‘The 
distribution of transuranic elements from point 
sources... typically produces decreasing con- 
centrations with distance from the source.” 
Because most research on heavy metals in 
rivers has been conducted in humid systems 
with flood plains, the fate of heavy metals in 
dryland systems without flood plains remains 
problematic. Previous research has also em- 
phasized continuously operating systems with 
numerous or diffuse sources of contamination, 


whereas the Church Rock event was the pas- 
sage of a single flood wave with contaminants 
from a single source (Graf 1985b). Arid-region 
studies of metal transport are generally rare: 
except for investigations of mercury in the up- 
per Colorado River (Graf 1985a), copper in Ar- 
izona (Marcus 1987), and uranium in Australia 
(East 1986), there have been few attempts in the 
formal literature at describing and explaining 
the distribution of heavy metals in dryland rivers. 

The Puerco River provides a useful case for 
developing generalizations about downstream 
distribution of contaminants from single-source 
spills. The river (1) is similar to other streams at 
least on a regional basis and does not have un- 
usual characteristics that would make extension 
of the results difficult; (2) has variable concen- 
trations of heavy metals in sediments including 
high concentrations to clearly illustrate the ef- 
fects of fluvial process variation; (3) has easily 
defined channel geometry; (4) provides data on 
heavy metal concentrations through a dense 
sampling network rather than from a few widely 
scattered sample sites; (5) includes high quality 
hydrologic data, preferably from stream gauges; 
and (6) provides some data on sediment particle 
sizes. The stream is similar to many streams in 
the Colorado Plateau, and because of its con- 
figuration as an arroyo, it is probably represen- 
tative of most entrenched channels without 
flood plains. 


Study Area 


The Puerco River is of theoretical and prac- 
tical interest in research on heavy metals in 
rivers because it is the site of the most serious 
accident involving surface release of radioac- 
tive materials in the U.S. (Lamperti 1984, 378). 
The amount of radioactive material released was 
one to two orders of magnitude greater than 
the release from Three Mile Island, but four 
orders of magnitude less than the release from 
the Chernobyl nuclear power station (Goldman 
1987). On 16 July 1979, an earthen dam retain- 
ing a reservoir of uranium mill tailings near 
Church Rock collapsed, spilling approximate- 
ly 378,500 m3? (307 acre feet or about 100,000,000 
gallons) of liquid and about 1000 mg (1100 tons) 
of solids into Pipeline Arroyo, a tributary of the 
Puerco River (Chilk 1980). The liquids flowed 
through Pipeline Arroyo and the Puerco River 
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Figure 2. Map showing the location and detail of the study area. Lettered segments of the Puerco River 
correspond to explanation in Table 1 and partitions of the data given in Table 2. 


as a flood wave that dissipated about 80 km 
downstream through transmission losses to the 
sandy channel bed. The flood wave transported 
the released sediments downstream, and as the 
wave passed various cross sections along the 
stream, the flow deposited contaminated sed- 
iments on the channel floor. The resulting dis- 
tribution of one contaminant is the subject of 
the present study. 

The Puerco River (Fig. 2, Table 1) originates 
on semiarid highlands in McKinley County, New 
Mexico, and flows westward through Gallup, 
across the New Mexico/Arizona border to its 
confluence with the Little Colorado River at 


Winslow. At Gallup the river drains about 1450 
km? (558 mi?) of semiarid terrain typical of the 
Colorado Plateau. Throughout most of its length 
in the study area, the stream is entrenched in 
arroyos that are excavated into valley-fill allu- 
vium that is up to 60 m deep (Leopold and 
Snyder 1951). In a few places the channel is 
floored by bedrock. Test borings show that the 
alluvium is typically fine-grained, thin-bedded, 
and a size range of medium silt and fine sand 
(Booth 1974). The stream valleys are excavated 
into nearly flat-lying Dalton Sandstone, Mullato 
Shale, and Dilco Coal units of the Upper Cre- 
taceous Mesa Verde Group (Ridgley et al. 1978). 


Table 1. Geomorphic Characteristics of Channel Segments along the Puerco River Shown in 


Downstream boundary 


Lateral restriction by hillslopes 
Lateral restriction by bedrock 
Bedrock in the channel 
Bridge construction 


Constriction by bedrock and rail road line 


Figure 2 

Seg- 
ment Segment characteristics 

A Pipeline Arroyo, alluvial valley fills under channel 

B Deep alluvial valley fill 

Cc Deep alluvial valley fill 

D Shallow alluvium, bedrock and engineered inter- 

ruptions 
E Deep alluvial valley fill 
F Deep alluvial valley fill 


Bedrock in the channel 
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Figure 3. View looking north across the Puerco River to Allison, NM about 1905. The channel has a well 
defined bank and is at least a meter deep. Photo by C. T. Lupton, U.S. Geological Survey. Compare with Figure 4. 
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Figure 4. Same view as shown in Figure 3, made by the author in 1987. The channel has a poorly defined bank 
and has been nearly filled with sediment. 
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The structural geology of the region is sig- 
nificant for the interpretation of modern fluvial 
processes because the Puerco River crosses a 
series of structures that directly influence the 
river. In the area of Pipeline Arroyo, the chan- 
nels exit the western limb of the Zuni Uplift 
and enter a downfolded area with deeply filled 
alluvial valleys. The Puerco River passes close 
to White Mesa where bedrock is close to the 
surface and then enters another valley with deep 
alluvium before encountering bedrock at the 
Nutria Monocline (known as “The Hogback”’). 
After flowing into deep alluvium in the Gallup 
Sag, the stream again encounters a bedrock 
outcrop near Allison before continuing across 
the sag to the Monument Upwarp. This alter- 
nating arrangement of deep alluvium and bed- 
rock interruptions serves to divide the 50 km 
of channel downstream from the site of the 
release into six distinct geomorphologic divi- 
sions as shown on Figure 2 and in Table 1. 


Sediments and Contaminants 


The sediment in the Puerco River reflects the 
materials weathered from surrounding rock 
types and the valley alluvium. The channel bed 
material is dominated by fine sand, though there 
are concentrations of silt in some pool loca- 
tions. Unfortunately, no particle size data are 
available for the stream at the time of the Church 
Rock tailings spill. Interviews with mining com- 
pany personnel indicate that the solid materials 
in the tailings consisted of particles that were 
also mostly fine: sand that resulted from the 
milling process. 

Sediment transport and storage along the 
Puerco has been variable during the past 130 
years. In 1853 Amiel Weeks Whipple, an army 
surveyor, noted that the stream had numerous 
pools and described it in terms that suggest that 
the stream was not entrenched at that time 
(Whipple 1854). In 1857 another surveyor, Ed- 
ward Beale, found that the channel was en- 
trenched in a “deep gully” (Beale 1858). En- 
trenchment was spatially discontinuous in the 
early 1900s (Fig. 3), but by the 1940s, land re- 
surveys indicated that the river was flowing in 
a continuous arroyo 3-8 m deep. Review of 
sites of ground and aerial photographs taken 


Graf 


since the 1940s shows some horizontal insta- 
bility in the channel and some filling (Fig. 4), a 
circumstance common in the plateau region 
(Hereford 1984; Graf 1987). Sediment from the 
Church Rock spill is therefore probably in- 
volved in an ongoing depositional period in the 
river. 

The sediment released from the tailings dam 
failure contained uranium-238, thorium-230, 
radium-226, lead-210, and polonium-210 (Wei- 
mer et al. 1981). Monitoring programs after the 
spill by the Nuclear Regulatory Commission and 
the state of New Mexico indicated that con- 
centrations of uranium-238 and polonium-210 
in stream sediments were near common back- 
ground levels, eliminating these elements from 
interest in the present study. Lead-210 had a 
distribution similar to that of thorium-230, but 
there were many more measurements of the 
latter element. Radium-226 was highly soluble 
in the relatively warm, acidic waters of the spill, 
and its chemical mobility is likely to be of great- 
er interest than its physical mobility. The heavy 
metal of most utility in assessing the physical 
dynamics of contaminants therefore is thori- 
um-230. Thorium concentrations in the tailings 
sediments were probably in the range of several 
hundred pCi gm-'. Two months after the spill, 
concentrations in channel sediments in the 48 
km downstream from the spill were 0-143 pCi 
gm-' with a mean of 37 pCi gm~'. The Environ- 
mental Protection Agency defined 30 pCi gm~' 
as a safe level. 

Representatives of the Nuclear Regulatory 
Commission and Batelle Pacific Northwest Lab- 
oratory collected the data used in the present 
spatial analysis of thorium-230. They collected 
samples at cross sections regularly spaced along 
the channel at 300-meter intervals downstream 
from the tailings dam. In the first 48 km down- 
stream, 154 cross sections provided published 
data on thorium concentrations on the channel 
floor at accurately measured distances from the 
dam (Weimer et al. 1981). The 154 values used 
in the present study are those referred by Wei- 
mer et al. (1981) as “first terrace,’” meaning on 
the arroyo floor but not in pools. During the 
period between the spill and the collection of 
samples, two precipitation events occurred in 
the study area, but they did not result in runoff 
in the Puerco River, so that the distribution of 
the concentrations of thorium-230 in sedi- 
ments reflects the flood-wave processes that 


Fluvial Dynamics of Thorium-230 


| 125 
a 
9 100 
5 75 
G 
co 50 
od 
z 
5 25 
> 
(e) 
oO 0 


0 1000 2000 


3000 4000 5000 6000 


DOWNSTREAM DISTANCE (m) 


Figure 5. The downstream distribution of thorium-230 and lead-210 through the first 6 km below the tailings 
spill. Values indicate concentrations on the channel floor. Data from Battelle Pacific Northwest Laboratory. 


occurred at the time of the dam failure. Minor 
quantities of thorium-230 occurred a few cm 
below the surface, and showed consistent 
downward decreases in concentrations. Wei- 
mer et al. (1981, 53) concluded that the surface 
sampling provided ‘‘an adequate picture of the 
downstream distribution of the radionuclide 
contamination.” The data suggest that during 
the passage of the flood wave, contaminants 
were mixed with the bed sediments to a depth 
of about 0.6-1.0 m, a process consistent with 
other observations of the depth of scour and 
mixing during dryland floods in arroyos (Leo- 
pold et al. 1964, 235-41). 

Sediment samples were obtained with a cy- 
lindrical scoop 10.16 cm (4 in.) in diameter and 
5 cm (2 in.) long. Three or four subsamples at 
each site provided material that was mixed to 
form a composite of approximately 1 kilogram. 
A 150-200 gm split of the composite was oven- 
dried at 110°C, weighed, and pulverized. A 60 
gm aliquot of this ground sediment was mixed 
with 9 gm of binder material (cellulose powder 
or powdered sugar), and the sample was pressed 
into a 5 cm (2 in.) pellet for instrumental anal- 
ysis. Analysis of the pellet with 19 cm? planar 
intrinsic germanium crystal detectors defined 
the concentrations of thorium-230 in the sam- 
ples. 

The results of this sampling effort show that 
the downstream concentrations of thorium-230 


are not related to distance from the source by 
simple negative exponential functions either at 
the local or more general scale as might be 
expected from general geographic principles 
of dispersion. At the local scale, considering 
about 6 km of the stream immediately below 
the dam site (Fig. 5), thorium-230 (and toa lesser 
degree, lead-210) concentrations alternatively 
increase and decrease in the downstream di- 
rection through the length of Pipeline Arroyo 
and part of the Puerco River. At the peak con- 
centration in this short reach, about 3100 me- 
ters downstream, the channel gradient declines 
as the tributary joins the main channel (Fig. 2). 
Otherwise, an irregular series of fluctuations 
characterizes the distribution. 

At the larger scale encompassing 48 km of 
the stream system, irregular fluctuations su- 
perimposed on general increases and de- 
creases also occur (Fig. 6). Concentrations are 
low in the upstream reaches, but generally de- 
fine a broadly wave-like pattern of increases 
and decreases downstream. Maxima occur at 
about 8-11, 22-24, and 36-38 km downstream, 
with minima at about 10-14, 26-29, and 38-41 
km. The spatial distribution is visually similar to 
plots of sediment and heavy mineral discharge 
versus time in small experimental basins 
(Schumm et al. 1987), but there is no clear con- 
nection between the two viewpoints. Addi- 
tionally, the experimental outputs are from dif- 
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Figure 6. The downstream distribution of thorium-230 on the channel floor and the unit stream power at the 
peak of the flood wave at 154 cross sections through the first 47.4 km below the tailings spill. Radionuclide data 
from Battelle Pacific Northwest Laboratory, unit stream power calculated by author. 


fuse sources with continuous flow, while in the 
Church Rock event the input was from a single 
source with a flood wave. 


Hydrology 


In order to explain the initial distribution of 
thorium-230 through the Puerco River by pas- 
sage of the flood wave, a clear understanding 
of the hydrology of the wave is required. Flood 
waves are the major mechanism for geomor- 
phological work in the Puerco system because 
normal flows are low or do not exist. Historical 
accounts of the Puerco River show that during 
the 1800s, the stream did not flow during the 
summer (Whipple 1854; Beale 1858). In the late 
1970s, however, pumped mine drainage caused 
a base flow of about 0.25-0.50 m3 s~' (9-18 ft? 
s~!) between Pipeline Arroyo and Gallup. After 
the Church Rock spill, mining was discontin- 
ued, and during the 1980s, flow conditions re- 
turned to the previous sporadic regime. A 27- 
year history from a stream gauge on the Puerco 
River at Gallup shows that peak annual floods 
were 2 to 336 m? s~' (74 to 12,000 ft? s-?). 

The flood wave resulting from the dam fail- 
ure was the annual peak flood for 1979. In the 
27-year gauge history, the magnitude of the 
flood wave was equivalent to a natural flood 
with a return interval of 1.23 years (although 
sediment loadings were unlike those in an oth- 
erwise similar natural event). Two stream gauges, 
one near Church Rock (8 km downstream) and 


the other at Gallup (33 km downstream), re- 
corded the characteristics of the wave (Fig. 7). 
The gauge near Church Rock recorded an ini- 
tial elevated discharge of water shortly after 
0300 on the day of the spill, followed by a mas- 
sive increase of water at about 0500. The peak 
of 12.6 m? s~' (450 ft? s~?) passed the Church 
Rock gauge at about 0800, and the entire wave 
with a volume of about 314,000 m3 (255 ac ft) 
was passed by about 2100. Net erosion during 
the passage of the wave lowered the bed of the 
channel at the gauge about 15 cm (6 in.). 

The record trace from the Gallup gauge is 
incomplete because after the passage of the 
peak, the stilling well of the gauge filled with 
sediment. Enough data are available, however, 
to establish the timing and general magnitude 
of the discharge. The initial flow arrived at Gal- 
lup at about 0745 and the peak flow of about 
11.75 m? s-? (420 ft} s~) arrived at about 1200. 
The flood volume had declined to about 225,800 
m? (183 ac ft). There was no net erosion of the 
channel floor at the Gallup site, though exca- 
vation and refilling occurred during the event. 

As the flood wave descended the river, it 
continually decreased in size through trans- 
mission losses, seepage into the porous, sandy 
bed. Measurements of channel bed area on ae- 
rial photography permitted calculations of 
transmission losses and specification of flow 
volumes and peak discharges throughout the 
entire 48 km study reach using methods de- 
veloped by Lane (1980). The approach is based 
on the relationship 
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Figure 7. Stream gauge traces showing the flood wave on the Puerco River downstream from the tailings pond 
failure. The upper trace is for gauge 09395350 about 8 km downstream; the lower trace is for gauge 09395500 
about 33 km downstream. Data from the U.S. Geological Survey. 


Vou = a+ BV + FVice (1) 


out 


where V,,, = the outflow from a sample reach, 
V.» = the inflow at the top of the reach, V,,, = 
lateral inflow into the reach from tributaries, 
and a, b, and F are constants related to the 
length, width, and hydraulic conductivity of the 
reach (Lane et al. 1985; and Graf 1988, 97, pro- 
vide detailed information). Minor modifica- 
tions to the estimates produced by Lane’s 
method were possible by using the Church Rock 
and Gallup gauging traces for calibration. Be- 
cause of the relatively simple shape of the ar- 
royo in which the Puerco flows, the down- 
stream transmission losses are approximately 
linear. When applied throughout the study 
reach, the estimated peak discharge declined 
from 14.5 m? s~1(518 ft? s~!) near the dam to 7.4 
m3 s~? (264 ft? s-’) 48 km downstream. 


Shear Stress and Unit 
Stream Power 


The hydrologic and hydraulic properties of 
the dam-burst flood wave influenced the 
downstream distribution of thorium-230 


through two aspects of sediment transport: 
competence and capacity. Competence, mea- 
sured by shear stress, refers to the ability of the 
flow to entrain particles of various sizes and 
densities. Capacity, measured by unit stream 
power, refers to the quantity of material that 
the flow is able to transport. Shear stress (some- 
times called tractive force) is 


T = RS, (2) 


where 7, = shear stress exerted by the flowing 
water (gm cm-~?), y = specific gravity of water 
(1 gm cm-3), R = hydraulic radius of the cross 
section (cm), and S = downstream gradient 
(Chow 1959, 168). Measurements on 1:2400 scale 
aerial photographs and in the field provided 
the dimensions of the cross sections and chan- 
nel gradients over 20-meter reaches centered 
on the cross sections. The amount of shear stress 
required to initiate motion of bed particles is 
critical shear stress: 


T. = k(y, — )D,tan 4, (3) 


where r, = critical shear stress at which motion 
of the particle begins (gm cm~?), k = a constant 
related to particle shape and nature of the sur- 
face area (usually about 0.18), , = specific grav- 
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Critical shear stress for particles composed of quartz (SiO,) shown for the range of particle sizes 


found in the bed of the Puerco River. Particles of thorium dioxide (ThO,), thorium chloride (ThCI,), and thorium 
sulfate (Th(SO,),) shown for sizes released from the Church Rock tailings spill. 


ity of the particle (gm cm-3), y = specific gravity 
of the fluid (1 gm cm-), D, = characteristic di- 
ameter of the particle (cm), and @ = angle of 
repose of the particles (Simons and Senturk 
1977, 402). Detailed particle-size and density 
data are not available for the cross-section sites, 
but data are known for the system in general 
and for the contaminant sediments. 

As defined by equation (3), the primary vari- 
ables in determining the shear stress required 
for motion are the specific gravity and size of 
the particle (angle of repose does not vary 
greatly in the size ranges considered here). 
Typical bed sediments in the Puerco River are 
dominated by quartz (silicon dioxide) grains that 
range from coarse silt to coarse sand (about 
0.031-2.0 mm), while the particles released from 
the spill were mostly in the fine sand range 
(mean diameter of 0.125 mm) as a result of mill- 
ing processes. Specific gravities of the various 
compounds involved in the present case dem- 
onstrate the importance of variation in specific 
gravity of heavy minerals in equation (3) be- 
cause silicon dioxide has a specific gravity of 
only 2.65. The contaminants are much differ- 
ent: the specific gravity of thorium sulfate is 
4.23, thorium chloride is 4.59, and thorium 
atoxide is 9.86 (Weast 1988, B/2-B/80). 

The impact of these varying specific gravities 
and particle sizes on the physical mobility of 
materials in the Puerco River is shown in Figure 


8. If an observed flow were to generate a shear 
stress of 0.01 gm cm? on the channel floor, for 
example, Figure 8 suggests that the flow would 
entrain naturally occurring sediment with di- 
ameters up to about 0.3 mm (medium sand), as 
well as contaminant sediments made up of 
thorium chloride and thorium sulfate. Contam- 
inant sediments made up of thorium dioxide 
would be too heavy for entrainment despite 
their small sizes. Why fine heavy metal particles 
sometimes behave in streams like larger parti- 
cles of other materials (Cerling and Spalding 
1982) and why a stream with spatially variable 
shear stress is likely to display variable entrain- 
ment or deposition of contaminant sediments 
are shown in Figure 8. 

In addition to shear stress, rate of sediment 
transport, or flow capacity, also explains the 
distribution of contaminant sediments through 
the sample cross sections. A strong relationship 
exists between the capacity and the unit stream 
power developed by flowing water (W. H. Graf 
1971, 210). Thus, the distribution of unit stream 
power during the passage of the flood wave is 
likely to be closely related to the distribution 
of heavy metals. If unit stream power decreases 
in the downstream direction through a reach, 
deposition occurs; if it increases, erosion pre- 
vails. Data for this study are in a static cross 
section framework rather than in reaches, so 
that the perspective is slightly different. At cross 
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Figure 9. The relationship between thorium-230 concentration and unit stream power at the crest of the 
flood wave for 154 cross sections. Data from Battelle Pacific Northwest Laboratory and calculations by author. 


sections where unit stream power was rela- 
tively high in the flood event, most sediment 
and heavy metals were likely to have been swept 
downstream. At cross sections where the pow- 
er was relatively low, deposition and high con- 
centrations of heavy metals might be expected. 
This inverse relationship between unit power 
and contaminant concentration may be en- 
hanced by mixing with “clean” sediments from 
the eroding channel bed. 
Unit stream power is 


w = yRSV = (yQS//W, (4) 


where w = unit stream power (N m-'s-', con- 
vertible to W m~?), y = specific gravity of the 
fluid, R = hydraulic radius (m), S = channel 
gradient, V = velocity of flow (m s-’) defined 
by the Manning Equation or similar method, Q 
= discharge (m? s~’), and W = width of flow (m). 
Unit stream power is directly related to the 
amount of sediment transported through the 
given cross section (Bagnold 1966, 1977). Pre- 
vious research in other areas has shown that 
the downstream distribution of unit stream 
power is highly variable from one reach to 
another in dryland streams (Graf 1983a, b). In 
the present study, the peak discharge of the 
flood wave (minus transmission losses) provid- 
ed data for the maximum unit stream power 
generated during the spill event for each of the 
154 cross sections. 


Results 


The shear stress analysis yielded two impor- 
tant results. First, shear stress generated by the 
peak discharge of the flood wave was great 
enough to entrain the contaminant particles at 
all the cross sections. Second, there is a weak, 
though statistically significant relationship 
(coefficient of determination = 0.30, significant 
at the 0.01 level) between thorium concentra- 
tion and the length of time that shear stress 
exceeded the critical threshold for transport at 
each cross section. This relationship indicates 
that, as a broad generalization, more radionu- 
clides were deposited in those cross sections 
where high shear stresses were active for short- 
er periods than elsewhere. Shear stress analysis 
explains why high concentrations occur in the 
downstream reaches (where the stream flowed 
for only about 6 hours) rather than close to the 
site of the spill (where it flowed for more than 
10 hours). Temporal and spatial variation in shear 
stress (Competence) do not explain many of the 
details of the radionuclide distribution that ap- 
pear more directly related to variation in unit 
stream power (capacity). 

Unit stream power is related to thorium-230 
concentrations by the function 


Cin = aw)’, (5) 
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Table 2. 


Functional Relationship between 

Concentration of Thorium-230 in Channel 

Sediments and Distance Downstream (km) 
from the Source (Equation 5) 


Segment 
(km) a b n r F 
A. 0.0-5.9 1918.23 —1.11 21 —0.58 9.10 
B. 5.9-13.0 11,428.78 —1.92 22 -—0.68 18.15 
C. 13.0-22.3 165.81 —0.63 30 —0.57 13.71 
D. 22.3-33.4 40.59 —0.03 36 —0.04 0.05 
E. 33.4-40.9 131.01 —0.69 24 -0.72 19.60 
F. 40.9-47.8 117,25 |}-0.62° 21 =0:61 22.11 
All 89.62 —0.46 154 —0.48 43.54 


* Function form is C = a D® where C = concentration, D 
= distance, and a, b = constants derived from least squares 
solution. Observations at cross sections, n = number of ob- 
servations, r = correlation coefficient, F = test statistic (all 
except Gallup significant < 0.01 level). 

> Segments shown on Figure 2. 


where C,, = concentration of thorium-230 in 
surface samples (pCi gm~’), w = unit stream 
power at the crest of the flood wave (N m7" 
s~’), and a, b are constants to be empirically 
defined. For the entire data set, a = 89.62 and 
—0.46 (Fig. 9). The overall form of the re- 
lationship demonstrates the expected low con- 
centrations at cross sections with high values 
of unit stream power. These were locations 
where unit stream power was great enough to 
transport large amounts of sediment including 
most of the heavy particles. High concentra- 
tions of thorium occur in those cross sections 
where stream power was low and the flow de- 
posited significant amounts of material. 

In some cases, large deviations from the 
regression occur as a result of one or more of 
the following influences. First, counting errors 
for the thorium concentrations contributed in- 
accuracies of up to 50 percent for reported 
concentrations (Weimer et al. 1981). Second, 
calculated values of unit stream power are ap- 
proximations rather than direct measurements, 
so they have an unknown error. Third, a po- 
tentially significant control on concentrations, 
particle size at individual cross sections, is un- 
known and cannot be accounted for by the 
simplistic form of equation (5). Finally, equation 
(5) and Figure 9 show the relationship for the 
entire data set, masking the fact that the rela- 
tionship may be different for different parts of 
the stream system. 

Only the last issue can be addressed in the 
case of the Puerco River. The relationship be- 
tween unit stream power and thorium con- 
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centration may exhibit a different coefficient 
and exponent for different limited reaches. 
Gradients, sediment size characteristics, and 
chemical conditions are likely to have differ- 
entiated limited reaches (and their associated 
subset of cross sections) from each other. The 
Puerco River through the 48 km downstream 
from the site of the dam collapse naturally di- 
vides itself into 6 segments on the basis of struc- 
tural geology, geomorphology and sedimen- 
tology (Fig. 2). Each segment is a geomorphic 
entity, beginning and ending at a bedrock-in- 
fluenced area with deep alluvial fill in the cen- 
ter of each segment. In some cases, the bedrock 
merely exerts control on the horizontal loca- 
tion of the channel, while in others bedrock 
crops out on the channel floor. 

Partitioning of the data according to the geo- 
logic/geomorphic divisions produces a clearer 
picture of the relationship between concen- 
tration and unit stream power (Table 2). The 
negative exponential form of the function ap- 
pears sound, though the coefficient and ex- 
ponent vary considerably from one segment of 
the channel to another. Concentration and unit 
stream power are most closely associated with 
each other in those segments where the chan- 
nel is relatively straight and has a simple plan 
and geometry (segment E). The relationship 
breaks down completely in the engineered 
reach of the channel through the Gallup area 
where there are numerous human disturbances 
in the channel morphology (segment D). Except 
for the Gallup reach, the partitioned data show 
stronger associations between the variables than 
the overall data set. 

The downstream distribution of unit stream 
power in the Pipeline Arroyo and Puerco River 
below the site of the dam collapse generally 
controls the distribution of thorium-230 con- 
centrations (Fig. 6). In Pipeline Arroyo (0-3 km 
on Fig. 6), narrow arroyo walls confined the 
water, creating deep flows and associated high 
values of unit stream power. The result was low 
concentrations of thorium as most of the heavy 
metals were swept further downstream. Other 
areas of low thorium concentrations corre- 
spond to zones of high unit stream power re- 
lated to local narrow channels and/or steep 
gradients at 10-14 km, 26-29 km, and 38-41 
km. Conversely, high concentrations of the 
contaminant occur in zones where locally wide 
cross sections and/or shallow gradients pro- 
moted low unit stream power and deposition 
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Figure 10. Thorium-230 concentrations shown as smoothed values calculated by Weimer et al. (1981) and 
geomorphic divisions of the channel. Each lettered segment (keyed to Fig. 2 and Table 1) corresponds to an 


alluvial basin traversed by the channel. 


at 8-11km, 22-24 km, and 36-38 km. Through- 
out the 48 km reach, broad fluctuations in tho- 
rium concentrations reflect similar but inverse 
changes in stream power. 

Variation in particle size within each sample 
may explain some of the variance in the rela- 
tionship between unit stream and thorium con- 
centration in the sediment. Particle size data 
are not available for the original samples col- 
lected by the Nuclear Regulatory Commission, 
so that a further statistical analysis is not pos- 
sible. It is likely, however, that particle sizes 
within samples would be highly correlated with 
unit stream power because of their hydraulic 
connections, resulting in severe limitations on 
increased explanation. 

The downstream distribution of thorium-230 
concentrations as values processed by a first- 
order low pass statistical filter which enhances 
spatial trends is shown in Figure 10. Weimer et 
al. (1981) calculated the concentration values 
in Figure 10 as 


Y, = aZ, + (1 — a)Yj_, (6) 


where Y; = the series of filtered values, a = filter 
factor (0.25), and Z, = the series of data values. 
Weimer et al. (1981, 14) used the 8 nearest points 
in the series for each calculation. The same Fig- 
ure also includes the boundaries of the geo- 
morphic divisions of the channel as determined 
in this study, with each boundary located at a 


bed-rock influenced part of the channel. Each 
of the lettered segments therefore represents 
an alluvial basin traversed by the channel. 
Segment A consists of Pipeline Arroyo and 
valley fills that are constricted at the down- 
stream end of the reach by hillslopes. Unit 
stream power is high in the constrained width 
of the arroyo, declines in the middle portion 
of the reach, and then increases again as the 
hillslopes force the development of a relatively 
narrow, deep channel. As a result, thorium 
concentrations (which change inversely to unit 
stream power) begin at low values in the seg- 
ment, increase to a maximum in the center, and 
decline again at the end of the segment. The 
same sequence of changes occurs in segments 
B, E,and F. Segments C and D operate together 
to generate the familiar low-high-low distri- 
bution of thorium concentrations, apparently 
because the boundary between them, a bed- 
rock sill, was not prominent enough to influ- 
ence the hydraulics of the flood wave. Several 
other minor bedrock exposures are reflected 
as minor minimums in the distribution of unit 
stream power through segments C and D. 


Conclusion 


The next step in analysis of the Church Rock 
event is the creation of an iterative, spatially 
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variable contaminant transport and storage 
model for simple fluvial systems. Such a pro- 
grammed numerical model is now under con- 
struction, with components to account for spa- 
tial variation of radionuclides after the passage 
of a dam-burst flood wave. The model will also 
accommodate further changes during subse- 
quent natural flow events. If successful, the 
model based on empirical evidence in this pa- 
per may lead to predictive capabilities for the 
changing distribution of radionuclides over a 
period of several years. 

Analysis of the contamination from the 
Church Rock event on the Puerco River pro- 
duces three general conclusions. First, contam- 
inants from a dam-burst spill are likely to be 
distributed in an irregular distribution extend- 
ing far from the source. At the scale of several 
tens of kilometers, they are not likely to pro- 
duce decreasing concentrations with increas- 
ing distance. Second, dam-burst floods con- 
fined to channels without extensive flood plains 
result in a downstream distribution of contam- 
inants related to the geography of shear stress 
duration and unit stream power. While chem- 
ical mobility is important in many cases, a clear 
understanding of heavy metal dynamics in a 
fluvial environment must include an appreci- 
ation of the role of physical processes. 

Finally, unit stream power varies in the down- 
stream direction in response to a complex set 
of controls that include local cross-section vari- 
ation and regional geologic controls. The con- 
trols vary in a manner that causes unit stream 
power to fluctuate from high to low and back 
to high values as the stream passes through suc- 
cessive alluvial valleys. The resulting inverse 
changes in the distribution of radionuclide 
concentrations reflect the influence of hydrau- 
lics as modified by the geologic and geomor- 
phic context. 
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The new ion concentrations after one reaction step are calculated by taking 
their values in the starting water plus the increment in concentration. After a large 
number of progress steps, water should evolve chemically to what was observed 
at well B. The changing composition with each reaction step defines the reaction 
path. 7 

A reaction path model is not really necessary for our simple example because 
the path is linear. Complexities inherent in real problems make the calculation 
intractable without a computer. In most true reaction path models (for example, 
PATHI and EQ3/EQ6), the code checks the aqueous solution for saturation with 
respect to a large number of minerals in the data base at the end of each reaction 
step. If saturation occurs, the mineral automatically becomes one of the products. 
Similarly, if the solution becomes undersaturated with respect to a solid, the 
mineral becomes a reactant. One of the reasons why the quantity of mass trans- 
ferred in a reaction step (that is, A&) is kept so small is to avoid leaping past the 
solid phase boundaries as the solution evolves. The reaction paths often change 
significantly as a consequence of mineral saturation. 

A code also has to maintain equilibria in aqueous phase reactions. For exam- 
ple, if CaCO, is a reactant, the CO, transferred in the reaction has to be redis- 
tributed properly among H,CO;, HCO;, and CO2-. Similarly, the code has to 
redistribute metals among several complexes. In some cases, it may be necessary 
to adjust the mass transfer coefficients during the simulation to account for 
changing temperatures along the reaction paths. 

It is beyond the scope of our brief overview to discuss the mathematical 
formulation of reaction path models. The approaches have been implemented in 
three codes: PATHI (Helgeson and others, 1970), EQ3/EQ6 (Wolery, 1979), and 
PHREEQE (Parkhurst and others, 1980). The first two codes are true reaction path 
models in the sense that they include the precipitation of minerals automatically 
once saturation is reached. In running PHREEQE, a user preselects the saturation 
constraints on the reaction path (Plummer, 1984). This approach avoids the much 
larger execution times that the other codes require. Each of the computer pack- 
ages includes a speciation algorithm to fully characterize the starting water before 
the simulation begins. PHREEQE also contains other simulation options for cal- 
culating mineral saturation or the composition of fluid mixtures. 

Reaction path modeling has not been used extensively in the analysis of chem- 
ical problems. Schwartz and Domenico (1973) applied the reaction path concept 
to model advective mass transport accompanied by reaction in regional flow 
systems. Plummer (1984) discusses in detail how PHREEQE can be used to exam- 
ine the pathways of chemical evolution in the Madison Limestone aquifer and 
how these results compare to those obtained with BALANCE. 


14.7 Age Dating of Ground Water 


All the direct dating techniques interpret the distribution of a radioactive species 
in terms of a first-order kinetic rate law for decay. The residence time of mass in 
the system or the ground water age (¢) is described mathematically as 
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where ¢,,2 is the half life for decay, Ay is the activity assuming no decay occurs, 
and A,,,; is the observed or measured activity of the sample. 

In terms of ground water studies, tritium (3H, t,,. = 12.26 yr) and carbon-14 
(!4C, ty, = 5730 yr) are commonly used for age dating. However, both suffer 
from limitations. The relatively short half life for 3H makes it only useful for dating 
water less than about 40 years old. In addition, the cessation of nuclear testing in 
the atmosphere has eliminated the global source of new tritium. Within a few 
more decades the tritium levels in precipitation will decline to an extent that 
tritium will be less useful as a tracer. '4C, with a much longer half life, has the 
potential to date water up to about 40,000 years old. However, as will become 
clear shortly, interpreting '4C data is difficult because of the need to account for 
other processes besides radioactive decay that influence the measured 4¢ 
activity. 

Phillips and others (1986) have demonstrated the potential of using 
chlorine-36 (3°Cl) in dating water. Particularly attractive with this radionuclide are 
the long half life (¢,;,, = 3.01 X 105 years) and the smaller number of potential 
reactions (as compared to !4C) that need to be accounted for in calculating an age 
date (Bentley and others, 1986). One limitation with this radioisotope is the need 
for tandem accelerator mass spectrometry for measurements, which at present 
limits the availability of analyses. 


Tritium 


Tritium concentrations are reported in terms of tritium units (TU), with 1 TU cor- 
responding to one atom of 3H in 10!8 atoms of '!H (Fontes, 1980). Tritium occurs 
naturally in the atmosphere with concentrations in precipitation usually less than 
20 TU. However, tritium generated by thermonuclear testing in the atmosphere 
between about 1952 and 1963 has swamped the natural production of tritium. 
The long-term record of 3H in precipitation at Ottawa, Canada, shows that, during 
the period of nuclear testing, concentrations were often greater than 1000 TU 
(Figure 14.28). Tritium levels declined once weapons testing stopped in 1963, but 
present-day levels remain far above natural background. Details on the seasonal 
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Figure 14.28 

Tritium levels in precipitation at Ottawa, Ontario (modified from 

Robertson and Cherry). Water Resources Res., v. 25, p. 1097-1109, 
} 1989. Copyright by American Geophysical Union. 
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variation and latitude dependence of 3H levels in precipitation are presented by 
Gat (1980) and Fontes (1980). 

Ideally, by knowing the concentration of 3H in precipitation (the source) and 
its distribution in ground water, one should be able to date the. water. In most 
cases, however, it is not possible to work with tritium in such a quantitative way. 
The main problems stem from the uncertainty and complexity of atmospheric 
loading. For example at most places, there are usually insufficient data to establish 
the historical pattern of 3H loading. Sometimes this limitation can be overcome to 
some extent by correlating partial local records to stations like Ottawa, Canada, 
with long-term records. The complex loading function also provides a problem in 
interpreting 3H data. Without a great deal of information about tritium distribu- 
tions in the ground water, it is difficult to determine whether a sample with 30 TU 
is a late 1950s water that has decayed through three half lives or a 1970s water 
originally with 75 TU that has decayed through one half life. 

The main application of tritium is to differentiate pre-1952 water from youn- 
ger water. The logic is that, assuming pre-1952 water to have had an original 3H 
concentration of 5 TU, the concentration in 1988 would be at maximum 0.6 TU, 
which is close to the detection limit even using enrichment techniques of analysis. 
Thus, any detectable tritium in a sample implies that the water contains some 
component of more recent or post-1952 water (Fontes, 1980). 


Carbon-14 


Measurements of !4C are reported as percent modern !4C (pmc) determined as the 
ratio of the sample activity to that of the international standard expressed as a per- 
centage. '4C originates naturally in the upper atmosphere through a reaction 
involving nitrogen and neutrons. Like 3H, weapons testing in the atmosphere has 
affected its concentration in recent years. However, except for young waters, this 
increase does not affect the interpretation. 

14C in groundwater comes from the solution of CO,(g) in the soil zone. The 
activity of 14C in CO, gas is approximately 100 pmc (Fritz and Fontes, 1980) and 
slightly higher in the ions coming from the dissolution of CO. The dating method 
works because, once carbonate species move below the water table, '4C begins to 
decay and there are no additional sources. 

The main problem in applying this method is that some reactive minerals con- 
tain carbon, and carbon transfers in and out of the ground water. These interac- 
tions can reduce the '4C activity in the water and thus need to be fully accounted 
for in estimating the age. In terms of Eq. 14.11, the value of A, (the '4C activity 
assuming no decay) would be lower than 100 pmc, reflecting the fact that other 
processes besides radioactive decay influence the '4C activity of the sample. Any 
age calculation is meaningful as long as A, and Aj,, differ only due to the effects 
of radioactive decay. 

Mook (1980), Reardon and Fritz (1978), and Wigley and others (1978) list the 
following processes that can alter the '4C activity of ground water: 


1. The congruent dissolution of carbonate minerals, which adds “‘dead car- 
bon’’ or carbon without '4C activity to the ground water. Overall, this 
process lowers the !4C activity measured for the sample. 


2. The incongruent dissolution of carbonate or other Ca containing min- 
erals accompanied by the precipitation of calcite. This process will 
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ABSTRACT 

Breccia pipes - vertical collapse structures - are common in the 
Phanerozoic sedimentary section in the Grand Canyon region. Breccia cores in 
economically significant pipes are as great as 900 m high and 90 m in 
diameter. The pipes originated through collapse into and upward stoping from 
paleocaverns in Mississippian carbonates. The large vertical dimensions of 
some pipes is attributed to the progressive creation of space within the pipes 
and continued upward stoping as a result of dissolution of carbonates in the 
breccia clasts 

The paleocaves which served as nucleation sites for the aipes date from 
Mississippian time. Although the earliest collapses date from Mississippian 
time, stoping appears to have reactivated or accelerated during Triassic time 
as the Grand Canyon region and terranes to the south became uplifted. Uplift 
caused hydraulic gradients within the Phanerozoic section to increase 
Significantly which stimulated ground water circulation and attendant 
dissolution. 

In accord with large basin hydrodynamics, hydraulic heads in the 
Phanerozoic section decreased with elevation during the mineralization stages 
so ground water circulation was upward in the pipes. The uranium bearing 
ground water originated as distant ground water recharge from eroding volcanic 
and crystalline terranes in Triassic highlands south of the Grand Canyon 
region. This ground water circulated northward through the Phanerozoic 
section and upward through the pipes. Reducing conditions in the upper parts 
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of the pipes caused precipitation of uranium and associated metals yielding a 
number of economic uranium ore bodies. As an example, the Orphan breccia pipe 


produced 2 x 106 kg of U30, having an average grade of 0.42% U30,. 


OBJECTIVE 
The purpose of this article is to summarize an emerging model for breccia 
pipe development and mineralization in the Grand Canyon region in the 
southwestern part of the Colorado Plateau. The literature cited includes the 


most current pertaining to this economically active uranium province. 


INTRODUCTION 

Hundreds of solution collapse breccia pipes crop out in the canyons and 
plateaus of northwestern Arizona. Figure 1 shows pipes that host known high 
grade, uranium rich mineral deposits. Besides U, the metals Ag, Cu, Pb, V, 
and Zn have been mined from various Grand Canyon breccia pipes. The 
mineralized rock is also commonly enriched in As, Ba, Cd, Co, Mo, Ni, and Se 
(Wenrich, 1985). 

Figure 2 illustrates that the breccia pipes developed when sedimentary 
strata collapsed into dissolution caverns in the underlying Mississippian 
Redwall Limestone. Upward stoping through the upper Paleozoic and lower 
Mesozoic strata, involving units as high as the Triassic Chinle Formation, 
produced the vertical rubble filled pipes. A typical pipe is approximately 90 
m (300 ft) in diameter and extends upward as much as 900 m (3,000 ft). Only a 
few pipes have been observed below the Redwall Limestone. These involve the 
upper 60 m (200 ft) of Cambrian and overlying Devonian carbonates, and are 
exposed in cliffs above the Colorado River near the Grand Wash Cliffs. The 


stoping process created the extensive brecciation of the rock between the 


steep walls of the pipe. All breccia has moved downward in the pipes. The 
breccia core of each pipe abuts well stratified, little deformed country rock 
(Fig. 3). 

In addition to the breccia, mineralizing fluids also circulated along the 
ring fault between the breccia core and country rock, and along outwardly 
dipping concentric ring fractures in a zone extending tens of feet or less 
into the country rock (Verbeek and others, 1988). Circulation along these 
fractures produced gamma radiation anomolies, and supergene copper and zink 
mineral deposits in some pipes. 

The brecciated core of most pipes is not exposed on the plateau 
surfaces. Rather the surface expression of the pipe commonly takes the form 
of a large collapse basin surrounded by concentric inward dipping beds which 
can be as great as ten times the diameter of the underlying pipe. This basin 


has been referred to as the "collapse cone” (Krewedl and Carisey, 1986). 


Mississippian Surprise Canyon Formation. Dissolution of the Redwall Limestone 
and upward stoping of the overlying strata either continued throughout late 
Paleozoic and early Mesozoic time, or ceased after Mississippian time and was 
reactivated again during Late Triassic time. No pipes in the Grand Canyon 
region have been observed in strata younger than Triassic in age. Also no 
breccia clasts in the Grand Canyon pipes have been identified that originated 
from post-Triassic strata. ; 

The breccia pipes tend to occur in clusters. As many as six have been 


mapped per 2.6 km2 (1 mi2), whereas other regions have tens of square miles 


with no surface expression of any pipes (Billingsley and others, 1986; Wenrich 


and others, 1986, 1987). Mineralized pipes are also clustered. This is 
especially obvious in the area of Hack Canyon, where the Hack 1, 2, 3, and old 
Hack Canyon mines - four separate pipes - occur within 2.6 km2 (1 mi2) (Fig. 
1). 

Breccia pipes are obvious along the cliffs of the Grand Canyon, however 
those exposed on the plateau surfaces usually have very subtle surface 
expressions. Pipes are identified on the plateau surfaces as circular 
features, particularly those with inward dipping beds (Fig. 4). Shallow 
circular depressions and circular vegetation anomalies are also suggestive of 
underlying breccia pipes. 

Exploration for breccia pipes on the northern Arizona plateaus is 
complicated by gypsum and limestone collapses restricted to and originating 
within the Permian Toroweap and Kaibab formations. Dissolution of gypsum in 
both of these formations produces shallow seated and unmineralized collapse 
features which are similar in morphology to surface expressions of breccia 
pipes. However, gypsum dissolution can enhance the surface expressions of 
some of the deep seated breccia pipes. For example the Pigeon pipe (Fig. 5) 
is less than 90 m (300 ft) in diameter at depth, yet the collapsed cone over 
the pipe on the Kaibab Plateau is 0.8 km (0.5 mi) in diameter. 


MINING HISTORY 
Mining of breccia pipes in the Grand Canyon: region began during the late 
1870's, at which time essentially all mining was for copper. In 1951, uranium 
was discovered in the existing copper mine at the Orphan pipe (Fig. 1). 
During the period 1956-1969, the Orphan mine yielded 1.93 x 10© kg (4.26 x 10° 
lb) of U30, with an average grade of 0.42% 030, (Chenoweth, 1986). In 


addition to uranium, 3.03 x 106 kg (6.68 x 106 lb) of copper, 4,000 kg 


(107,000 oz) of silver, and 1,540 kg (3,400 1b) of V205 were recovered from 
the ore (Chenoweth, 1986). Between January 1980 and December 1986, Energy 
Fuels mined 4.5 x 106 kg (107 lb) of uranium from breccia pipes on the North 
Rim at an average grade of 0.65% U30, (Mathisen, 1987). These deposits 


include the Pigeon, Hack 1, Hack 2, and Hack 3 pipes (Fig. 1). 


CAVE SYSTEMS IN THE GRAND CANYON REGION 

Four aerially extensive dissolution events in the Grand Canyon region 
have imposed temporally distinct systems of caves involving the Redwall 
Limestone. These are discussed below in chronological order. Only the oldest 
appears to have led to mineralized pipe development. 

1. A very widespread karst developed on the emergent Redwall surface 
during late Mississippian time (McKee and Gutschick, 1969). The modern 
Yucatan karst provides an excellent analog for the Late Mississippian 
conditions. The Grand Canyon breccia pipes owe their origin to this 
Mississippian karst because cavities such as shown on Figure 6 served as 
nucleation points for upward stoping. Active dissolution within the Late 
Mississippian karst coincided with incision of Late Mississippian channels 
that were subsequently infilled with the Chesterian-Morrowian(?) Surprise 
Canyon Formation (Billingsley and Beus, 1985). The depth of the karst was 
greater than, but approximately proportional to, the depths of the channels. 
Some deep channels in the western Grand Canyon region incised 120 m (400 ft) 
into the Redwall surface and the paleokarst in that vicinity involves 
carbonates below the base of the Redwall Limestone. 

2. Laramide uplift and attendant erosional beveling, particularly in the 
western Grand Canyon region, imposed strong ground water gradients onto the 


remaining Phanerozoic section, and allowed for introduction of fresh ground 


waters into newly exposed parts of the Redwall section. The result was cave 
development, largely under water table conditions, in the upper part of the 
Redwall Limestone on the Hualapai Reservation. Many of the cave passages in 
this network remain open and some appear to be reexcavated from the 
Mississippian paleokarst. 

3. Continued Tertiary uplift of the Grand Canyon region prior to 
incision of the canyon imposed ever stronger ground water gradients that led 
to development of caves in the Muav through Redwall carbonate section. Many 
of these post-Laramide caves are dissolved along Miocene and younger 
extensional faults and fractures (Fig. 7). The caves dissolved under artesian 
conditions in buried parts of the lower Paleozoic carbonate section as a 
result of regional circulation of ground waters. Remnants of these caves are 
best preserved in the eastern Grand and Marble canyons as laterally extensive, 
vertical slots dissolved along extensional fractures. 

4. A modern karst, dating from the incision of the Grand Canyon, now 
conducts ground water from the plateaus to the Colorado River. This karstic 
drainage network also utilizes passageways localized along late Tertiary 
extensional fault zones. In contrast to its predecessors, these latest caves 
tend to develop at the base of the Muav Limestone which is the basal Paleozoic 
carbonate (Fig. 8). In locations such as Marble Canyon, where the Muav 
Limestone is not exposed, passages have developed in whichever carbonate 
interval lies in close proximity to the floor of ‘the canyon. The caves in the 
modern system tend to be more widely spaced than predecessor systems, yet they 
effectively serve as regional drains for the surrounding plateaus (Huntoon, 
1974). The modern caves owe their origin to incision of the Grand Canyon, so 


they are Pliocene or younger in age. 


STRUCTURAL LOCALIZATION OF BRECCIA PIPES 

Distinct alignments of breccia pipes occur at various locations in 
northern Arizona. Alignments are particularly notable on the Marble Plateau 
(Sutphin and Wenrich, 1988; Sutphin, 1986) where one distinct N45°W line of 10 
pipes extends for 25 km (15 mi), and includes 2 pipes containing Cu-, Ag-, and 
U-bearing minerals. These alignments probably reflect fracture traces that 
existed in the Redwall Limestone prior to breccia pipe development. Redwall 
joint patterns studied by Roller (1987) on the Hualapai Plateau reveal that 
northeast and northwest trending fracture sets predate deposition of the 
overlying Pennsylvanian Supai Group. Ground water circulation was localized 
along these fractures leading to the development of many linear cave passages 
in the Redwall karst. It appears that especially large cavities dissolved at 
joint intersections, which later served as nucleation points for upward 


stoping breccia pipes. 


MINERALOGY OF BRECCIA PIPE OREBODIES 

The breccia pipes contain an extensive mineral suite (Wenrich, 1985), 
which can be roughly divided into 5 stages, some of which may overlap (Wenrich 
and Sutphin, 1988; H.B. Sutphin, personal communication, 1988). (1) The 
Pparagenetic sequence begins with the deposition of calcite, dolomite, barite, 
Siderite, anhydrite, and kaolinite. (2) A second stage of mineralization is 
characterized by minerals rich in Ni, Co, As, Fe, and S, such as siegenite, 
bravoite, pyrite, millerite, gersdorffite, rammelsbergite, niccolite, 
arsenopyrite, and marcasite. (3) The third stage of mineralization was 
characterized by the formation of Cu-Fe-Zn-Pb sulfides. (4) Uraninite, the 
only primary U-bearing phase that has been observed within the breccia pipe 


orebodies was precipitated within the coarsely crystalline calcite matrix, in 


minor vugs, and as rims around detrital quartz grains. Extensive 
silicification is rare within the breccia orebodies, although some quartz 
overgrowths formed subsequent to uraninite mineralization. A black, glassy 
pyrobitumen, locally abundant in some breccia pipes, but absent in most, 
appears to have formed subsequent to the uraninite. (5) In some pipes, late 
copper sulfide mineralization resulted in the formation of bornite, 
chalcocite, djurleite, digenite, and covellite. Late supergene alteration 
formed an assemblage of nonopaque minerals, such as malachite, azurite, and 
brochantite. 

Uranium mineralization occurred in most breccia pipes at roughly 200 Ma 
based on a large set of U-Pb isotopic analyses by Ludwig and others (1986). 
Ore forming fluids that deposited the sphalerite, calcite, and dolomite had 
minimum temperatures ranging between 80°C and 173°C with salinites always >9 
wt. % NaCl equivalent, although most commonly >18 wt. % NaCl equivalent 
(Wenrich, 1985). Thus, most of the sulfides and certainly the sphalerite, 
calcite, and dolomite were deposited from a saline brine similar to that which 
formed the Mississippi Valley type deposits. In contrast, the late stage 


uraninite was probably deposited from fresh ground water. 


HYDRODYNAMICS AND MINERALIZATION 
The timing of mineralization during the Triassic Period appears to 
coincide with both (1) the formation of a magmatic arc in Mexico and southern 
Arizona (Woodward-Clyde Consultants, 1982), and (2) the uplift of Precambrian 
and Paleozoic rocks on the northeast flank of the ae arc (Bilodeau, 
1986). The Mesozoic and early Tertiary uplifts south of the Grand Canyon are 


informally called the Mogollon Highlands. Uplift of the highlands probably 


(1) activated the circulation of brines in the Mississippian, Pennsylvanian, 


and Permian strata from which the base metals were precipitated and (2) 
induced recharge of fresher ground water containing uranium derived from the 
volcanic are or unroofed Precambrian granitic rocks into the unroofed parts of 
the Redwall aquifer. 

Existing or developing breccia pipes in the Grand Canyon area provided 
vertical conduits linking the stacked aquifers in the stratigraphic section. 
In the extreme, it is possible that some pipes broke through to the land 
surface. As shown on Figure 9, flow was necessarily upward in the pipes in 
accord with large basin hydraulic gradient configurations. Triassic 
circulation of ground water at the level of the Redwall Limestone accounts for 
reactivated dissolution within the Mississippian paleokarst and dissolution of 
breccia clasts in existing or incipient pipes. Such dissolution provided a 
mechanism to create space within the pipes to allow the pipes to propagate 
further upward. The pipes then formed vertical conduits for mineralized 
fluids. Base metals precipitated from these fluids produced the first three 
stages of mineralization. Some brecciation continued subsequent to stage 2 
mineralizing events because the massive pyrite has been fractured (H.B. 
Sutphin, personal communication, 1987). 

The proposed regional circulation system moves uranium rich waters 
northward from their source in the Triassic Mogollon Highlands through the 
Redwall carbonate section and upward through the pipes. Implicit for uranium 
mineralization is the need for upward circulating mineralizing fluids to 
encounter either reducing waters higher in the section, or a reducing medium 
such as the pyrite rich sulfide deposits ecunsonls precipitated from the 
brines. Petroleum products are abundant in a few pipes, such as pyrobitumen 
precipitated during stage 4 subsequent to the uraninite. Petroleum products 


also have been identified in sphalerite fluid inclusions, but these are not 


present in all pipes. Consequently the upward migrating uranium bearing 
fluids in some pipes could have encountered petroleum fluids and associated 
H,S in aquifers in the Permian section. These would have provided an 
additional reductant to the sulfides otherwise present. 

As the Triassic highlands were eroded or tectonically severed from the 
Colorado Plateau region, hydraulic gradients in the Grand Canyon region 
progressively diminished, eventually extinguishing mineralization. The 
sulfide caps cementing the matrix at the tops of breccia bodies probably 
served to seal the orebodies, preventing further fluid movement and additional 


brecciation. 
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Map showing the locations of mineralized breccia pipes in the 
vicinity of the Grand Canyon, Arizona, U.S.A. Numbers refer to the 
following mines: (1) Arizona I, (2) Canyon, (3) Chapel, (4) Cooper 
House, (5) Copper Mountain, (6) Cunningham, (7) DB-1*, (8) EZ-1, 
(9) EZ-2, (10) Grand Gulch, (11) Grandview, (12) Hack 1, (13) Hack 
2, (14) Hack 3, (15) Hermit, (16) Kanab North, (17) Lynx*, (18) 
Mohawk Canyon, (19) Old Bonnie Tunnel, (20) Orphan, (21) Parashant, 
(22) Pigeon, (23) Pinenut, (24) Ridenour, (25) Rim*, (26) 
Riverview, (27) Rose, (28) Sage*, (29) Savannic, (30) SBF, (31) 
Snyder, (32) What*. Pipes indicated by (*) were taken from 
Kwarteng and others, 1988, Fig. l. 


Composite cross section through a well developed Grand Canyon 
breccia pipe. Cambrian Muav Limestone underlies the Temple Butte 
Limestone. Modified from Van Gosen and Wenrich (1988). 


Carbonate pipe located in the central Grand Canyon. Erosionally 
resistant breccia core protrudes above Pennsylvanian wall rock. 


Grand pipe located in the western Grand Canyon is 0.8 km (0.5 mi) 
in diameter at the level of the top of the Esplanade Sandstone. 
Largely unbrecciated Hermit Shale is sharply infolded into the 
pipe. 


The Pigeon pipe went into production for uranium in 1984. The pipe 
is 90 m (300 ft) in diameter under a 0.8 km (0.5 mi) diameter 
collapse cone. Notice infolded strata. Location on Figure l. 


Mississippian paleokarst cavity in the Redwall Limestone that is 
partially filled with Surprise Canyon sediments, western Grand 
Canyon. 


7. Caves dissolved in the Redwall Limestone along’ extensional 


fractures of Miocene or younger age that resulted from circulation 
of ground water under artesian conditions before the Grand Canyon 
incised through the limestones. 


Thunder spring discharges from the modern karst which developed in 
response to incision of the Grand Canyon. Caves are developed 
along extensional fault and fracture: zones, and localized in the 
lowest exposed carbonate unit, in this case the basal Muav 
Limestone. 


Generalized circulation system that produced orebodies in the Grand 


Canyon breccia pipes. Vertical dimension is 2,000 m, horizontal 
dimension is many hundreds of km. 
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Figure 1. Maps showing the lccaticns of mineralized breccia pipes in the 
vicinity of the Grand Canyon, Arizona, U.S.A. Numbers refer to the 
following mines: (1) Arizona I, (2) Canyon, (3) Chapel, (4) Cooper 
House, (5) Coscer Mcuntain, (6) Cunningham, (7) DB-1*, (8) E2-l, 
(9) E2-2, (10) Grand Gulch, (11) Grandview, (12) Hack 1, (13) Hack 
2, (14) Back 3, (15) Besmit, (16) Kanab North, (17) Lynxt, (18) 
Mohawk Canyon, (13) Old Bonnie Tunnel, (20) Orshan, (21) Parashant, 
(22) Pigeon, (23) Binenut, (24) Ridenour, (25) Rim*, (25) 
Riverview, (27) Rose, (293) Sage*, (29) Savannic, (30) SBF, (31) 
Snyder, (32) What*. Bipes indicated by (*) were taken from 
Kwarteng and others, 1988, Fig. l. 
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PURPOSE AND LNTRODUCT ION 


This paper examines the ground water circulation in the plateaus 
adjacent to the Grand Canyon (Figure 1). Salient information that will 
emerge includes the following. (1) ‘The ground water in these platcaus, 
except for parts of the Shiwvits Plateau, eventually circulates to springs 
in the Grand Canyon. (2) Mose of the ground water discharges From springs 
and seeps in the carbonate rocks that comprise che Lower part of the 
Puleozoic ¢ section. (3) All the large springs are concrolled by faults, 
or fractures associated with faults and folds, and secondarily by the 
Cambrian Brinht Angel Shale which is a barrier, even when faulted, to dow- 
ward circulation in the seetion. (4) Fractures in che Paleozoic rocks, 
especially faults, provide zones of large permeability that serve as 
Lateral and vertical conduits for ground water circulation. (5) In the 
case of che Kaibab Plateau, fracture contruiled caves lie behind most of 
the major springs and are suscepceible cto flash flooding tn response to 


storms on the plateau. 
Regtlonal Setting 


The most’ noticeable hydrologic characteristic of the plateaus surround- 


ing the Grand Canyon is the lack of perennial streams. This occurs because, 
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Figure 1. 


Geographic subdivisions of the area surrounding che Crand 
Canyon, Arizona. The Colorado River serves as a boundary for 


all named areas except Marble Platform, and Basins and Ranyes. 
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as shown on Figure 2, the evaporation potential is much greater than 
the precipitation. What litcle surplus water is available leaves the, 
area through ground water systems. 

The Grand Canyon and its many tridutary canyons serve as regional 


drains for. “he rocks underlying the nearby 


The clastic and carbonate rocks in the Paleozoic section in 


platea 


the area ave characterized by small co negligible permeabilities. In fact, 


the intergranular and intercrystalline permeabilities of theSe rocks tend 


to decrease with depth, yet most of the springs in the Grand Canyon dis- 
charge from the older rocks. This apparent paradox is easily resolved when 
it is recognized thac at depth most of the ground water circulates in 
highly permeable but distantly spaced fractures. 

Because the canyons are so deep, over a mile in many places, Large 
volumes of the adjacent plateaus are unsaturated and well drained. Conse- 
quently active ground water circulation in the Paleozoic rocks takes place 
at great depth, in many places along fractures over 3,000 feet below the 
land surface. Most wells drilled in the plateaus are dry because they are 


either too shallow to penetrate saturated zones or the holes bottom in 


unfractured rocks with negligible permeabilities. 
Gradients and Water Movement 


When examining the ground water circulation systems in the vicinity 
of the Grand Canyon, it is important to dispell the misconecived, but 
commonly held belief that the water moves down the dip of the rocks. 
Ground water doves not move in response to dips of host rocks, rather it 
moves in response to hydraulic gradients. [L£ several pei are drilled 


into a saturated vock, a contour map can be made showing the elevations 


of the water levels in the wells. The hydraulic gradient is defined as 


the slope of the water levels on such a map. Uydraulic gradients develop 
naturally and are inclined from areas of recharge toward points of dis- 
t 
charge. Springs and seeps occur at the lowast points on the contoured 
surface and ground water flow is toward them. 
Ground water always moves down the hydraulic gradienc even if it 
is exactly opposite to the dip of the rocks. There are many places in 
the region where the ground water circulates directly up the dip of the 
rocks to down gradient springs! 
the concept of water level elevations and attendant hydraulic gradi- 
ents is complicated in the Grand Canyon region because large volumes of 
rock are impermeable, or virtually impermeable, and consequently contain 
lictle or no water. However, the interconnected fractures within these 


rocks do contain water and that water moves in response to gradients 


developed along the fractures. 
WATER IN THE PALEOZOTC SECTION 


Surface water such as rain on outcrops or flash floods in streams 
recharges the Paleozoic section and moves downward until it intersects a 
rock layer with a sufficiently small permeability to retard or stop che 
flow. Where this occurs, a saturated zone forms above the confining Layer 
and horizontal flow components develop. Tf the confining layer is not 
totally impermeable, part of the water will eventually leak downward, 
however mose of che water will move laterally uneil te either discharpes 
from springs and seeps along canyon walls or it finds fractures that will 
allow it to bypass the confining Layer. 

The hydrologise views the Paleozoic section as a sequence of inter- 
bedded permeable rocks and confining layers. The gross' permeability 


characteriscics of the rocks can be determined from an analyses of hand 


specimens, bute the same informacion can be more readily and accurately 
developed in che field by observing the locations of sceps and springs. 
The seeps and springs, unless controlled by fractures, develop above 
confining beds. ‘Table 1 summarizes the relative permeability character- 
istics of the various Paleozoic units and can be compared to Figure 3 
which summarizes the stratigraphic section. 

In areas where tectonic structures are absent, significant water 
supplies can be perched above confining Layers. For example“a few wells 
that are about 700 feet deep penetrate tite base of the Toroweap Formation 
and thin eaves of the Coconino Sandstone on the eastern side of the Kanab 
Plateau northwest of Big Springs (Figure 1). In these locations water is 
perched above che Hermit Shale and production is sufficient to satisty 
stock watering needs. Similarly, water is ieetueed high in the section 
from the Coconino Sandstone and permeable parts of the Supai Group south 
of the Grand Canyon in the vicinicy of Flagstaff (McGavock, 1968). 

The rocks above che Hermit Shale possess most of the permeability 
in the Paleozoic section that is related to a intergranular 
or ineuponpseatidan pore spaces (Huntoon, 1.974). Unfractured hand speci- 

“mens from rocks below the top of the Hermit Shale are usually impermeable. 
However, joints and partings along bedding planes impart small permea- 
bilities to these otherwise nontransmissive units. Evidence that joints 
and parcings along bedding planes account for most of the permeability in 
the Hermit Shale and Suapi Group include (L) bleaching of the red iron 
oxide from the rocks alony Fractures, and (2) deposition of caleite in the 
Fractures (luntoon, 1974). 

In many Lveations good confining, layers exist yee no significant 
quantities of water are perched above them. This occurs either because 
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there is no recharge, ov recharge rates are se small that the confining 
layers can allow all the watece to leak dawnward. Such is the case over 
most of the Hualapai Plateau as will be documented. 

In areas of large recharge, such as the Kaibab Plateau, ground water 
mounds develop above confining layers and grow to significant thicknesses 
during the spring scason in response to suow mele and heavy precipication. 
As the mounds develop, gradients seeepen toward the canyon walls and 
fracture zones, and spring discharge increases. Later when the dry summer 
and fall seasons follow, the mounds dissipate by lateral flow and vertical 
leakage of the water, and the gradients decrease. As a result, discharges 
from esrilnes and seeps along the canyon walls and fractures diminish sig- 
nificantly or cease entirely. Many inexperienced canyon hikers have sadly 
discovered this fact when they return with empty canteens to senps ac 
the base of the Coconino Sandstone or in the Supai Group that were flow- 


ing during the spring but are totally dry in the late summer or winter. 
CAMBRIAN STRATIGRAPHY AND MAJOR SPRINGS 


The base of active ground water circulation in the Paleozoic section 
is the Bright Angel Shale. The thick Lower members of the shale serve as 
barriers to all but a minute fraction of the downward circulating water. 
The shale is even a barrier to flow in fault zones. This results because 
the shales that comprise the rock pulverize into an impermeable 
gouge cthac effectively seals the Faults (lluntoon, 1974). The stratigraphic 
relationship between the Brighe Angel Shale and other Cambrian rocks is 
complicated but critical to an understanding of regional ground water 
circulation. 

McKee and Resser (1945) described in detail the Cambrian rocks in the 
Grand Canyon region and adopted the formation names Muav Limescone, Prighe 
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Angel Shale, and Tapeats Sandstone which were defined in the eastern 
— Canyon by Noble (1914). MeKee and Resser (1945) applied these 
formation labels to rocks having similar lithologies. lMowever, because 
the Cambrian rocks were deposited from a sea Chat was transgressing 
eastward, each of the three formations becomes progressively younger 
toward the east. 

McKee and Resser (1945) also defined members and tongues which are 
time-stratigraphic units based on fossil faunas. Members and laterally 
equivalent tongues therefore represent rocks that were deposited at the 
same time. Theoretically it a member is traced from west to east, the 
unit would begin high in the Cambrian section in the Muav Limestone, grade 
laterally into the Bright Angel Shale, and end in the Tapeats Sandstone 
near the base of the section. Members generally thin and grade eastward 
from a limestone to a transitional red-brown dolomite tangue and finally 
into a shale. McKee and Resser (1945) designated the Limestone facies as 
the Muav Limestone, the transitional red-brown dolomites as tongues within 
the Bright Angel Shale, and the shale facies as Bright Angel Shale. 

The field problem associated with this nomenclature aciaas lneause 
the limestone facies of several members extend many tens of miles east- 
ward into the Bright Angel Shale. As shown on Tigi f the result is 
a stacked sedimentary sequence that alternates vertically between the 
Bright Angel Shale and Muav Limestone when the formational nomenclature 
of McKee and Resser (1945) is applied at a specific Location (Hunctoon, 
1977b). 

Most of the water that discharges into the western Crand Canyon, 
particularly along the flanks of the Hualapai Plateau, flows from springs 


at the base of the Rampart Cave Member (Twencer, 1962). In chis resion, 


the Rampare Cave Member is the lowest thick carbonate in the Paleozoic 
section and is separated From overlying carbonates by sections of Bright 
Angel Shale. (igure 4). 

As the Cambrian strata are traced east of Kanab Creek (Figure 1): 
(1) the Spencer Canyon Member Lenses out, (2) the Sanap Plateau and Rampart 
Cave members grade into dolomite tongues a Few tens of feet thick that 
are separated from the overlying limestone members by a thick section of 
Bright Angel Shale, and (3) the Peach Springs Member, which is a massive 
limestone in the western Grand Canyon, grades into a Llimy shale. Conse- 
quently, all the major springs in the eastern Grand Canyon discharge from 
the base of the Kanab Canyon Member or younger rocks. The dolomite equiva- 
lent to the Rampart Cave Member is essentially dry and hydraulically isolated 


from overlying members by the thick intervening shales. 
REGIONAL GROUND WATER CIRCULATION 


Figure 5S summarizes the regional ground water circulation in the 
Paleozoic rocks in the plateaus surrounding the Grand Canyon. ‘The flow 
directions are based on (1) the locations of springs in the Grand Canyon 
(Johnson and Sanderson, 1968; Huntoon, 1974, 1977a), (2) the locations of 
major tectonic structures that serve either as conduits for ground water 
or system boundaries (Huntoon and others, 1976; Huntoon and Billingsley, 
1978), and (3) water level data from available sources (twenter, 1962; 
McGavock, 1968 ; Cooley and others, 1969; Gillespie and Bentley, 1971; 
U.S. waatiandat Survey, undated). 

The principal hydrologic parameters for each of the systems shown on 
Figure 5 are listed in Table 2. The zreal extents of several of the 
systems are unknown because insufficient water level data are available to 
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accurately define all of the bounding ground water divides. In fact, so 
little data is available for the Shivwits system that the flow directions 
and system boundaries shown are Largely speculative. 

The hydrogeology of the largest spring in each system is summarized 
on Table 3. The discharges range over three orders of magnitude yet two 
characteristics prevail (1) the water discharges from the lower Palcozoic 
carbonaces, and (2) the dominate geologic contro] ac the springs are 
faults. From these data, it is clear that fractures not only provide the 
avenues for vertical circulation through the Paleozoic section, but also 
collect and conduct water laterally to springs deep in the canyons. All 
springs in the region that discharge more than 2 feec”/second exhibit 


fracture control. 
BLUE SPRINGS SYSTEM 


The Blue Springs system is the largest pround water system that drains 
; 


to the. Grand Canyon. It encompasses most of the area underlying the Lictle 


1 
1 


Colorado drainage basin of Arizona and includes a few thousand square miles. 
Water level data from the Coconino Sandstone and Supai Group assembled by 
McGavock (1968) reveals thac the Blue Springs system extends almost to the 
Mogollon Rim sceinaan of Flagstaff. The ground water in the system, 
including water under the city of Flagstaff, drains to the Blue Springs on 
the floor of the canyon of the Little Colorado River upstream from its 
junction with the Colorado River. 

The Blue Springs discharge at an almost constant rate of 220 ne 
second From at least 36 resurgences on the canyon floor. The resurgences 
occur between river miles 3-1/2 and 21 as measured from the mouth of the 


Little Colorado Kiver. The water discharges at an average temperature of 
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70°F and is turquoise in color due to the spontaneous precipitation of 
calcium carbonate. Deposits of calcium carbonate create a continuous 
series of travertine dams and rimsctone pools between the springs and the 
Colorado River. 

The rocks dip gently toward the southeast in the vicinity of the 
springs so that older Paleozoic rocks become exposed as the Liccle 
Colorado River is followed downstream. The spring most distant from the 
mouth of the Little Colorado River lies at an elevation of 3,400 feet and 
discharges from the Manakacha Formation. The one closest to the mouth 
discharges from the Tapeats Sandstone at an elevation of 2,850 feet. However, 
most of the water discharges From a few major springs in the Mooney Falls 
Member of the Redwall Limestone (Figure 3), and these springs are fault 
controlled. As shown on Figure 6, the faults controlling the locations of 
the springs are components of a major system of grabens and normal Faults 
thaec parallel and lie east of the East Kaibab. monocline in the vicinity. 
These faults generally trend northward at the site of the Blue Springs. 
Toward the south, chey intersect Faults and fractures associated with the 
east trending segments of the Fasc Kaibab monocline. The faults are ideally 
situated to conduct water both from the area north of the springs and the 
large area to the southeast. ‘The steady discharge rate of the springs 
demonstrates that the size of the area draining to them is extensive. 

Water level data assembled by McCavock (1968) and shown on Figure 6 
demonstrates that ground water flow in the vicinity of Wupatki 
National Monument converges on the elevated platform between she Black Point 
and Mesa Butte segments of che East Kaibab monocline. The ground water 
flows toward Gray Mountain From che east and is largely controlled by 


fractures and faults associated with grabens in the area. I suspect cthae 
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the water turns northward at the monocline and follows 


: » alongs 
bog s. ee 
che monocline around to the north side of Gray Mountain wi 


rd chen 
drains to faults chat conduct it to Blue Springs. 


CATARACT SYSTEM 


The Cataract system has the simplest mechanics of the ground water 
systems adjacent to the Grand Canyon. As shown on Figure 7, it is bounded 
on the wese by the Aubrey and Stairway-Mohawk Faults, and on the east by 
the Mesa Butte fault. The rocks dip very gently inward and northward 
from these elevated boundaries in a broad downwarp that plunges toward 
the mouth of Havasu Canyon. Aside from some small. springs along the 
south rim of the Grand Canyon, the sround water in the system discharges 
at Havasu Springs. Havasu Springs is localized on a small normal fautec 
that ctrends across Havasu Canyon. The water rises from alluvium on the 
canyon floor just above the burried upper contact of the Redwall Lime- 
stone. “the source for the spring is clearly the Redwall Limestone. 

> The water from Havasu Springs is turquoise Erom the sanesede 
precipitation of calcium carbonate much like the Blue Springs water 
and has created world famous cravertine dams and falls between the 
springs and the Colorado River. The temperature of the water ac the 
springs is abouc 70°F and the discharge is fairly uniform at about 60 
Face fenaond (Johnson and Sanderson, 1968). The steady discharge, warm 
temperature, and poor water quality attest to the Large size of the 
ground water system, and long residence time between recharge and dis- 
charge of the water. 

Available water-level data from the system is inadequate to deter- 


mine whether the water moves toward the springs along the axis of the 


10 


Mavasu downwarp of if it is concentrated in Fractures along the Supai 
monocline and locally directed to the springs along the Iavasu Springs: 
fault. Either hypothesis has merit, however £ favor circulacion of 
water along the monocline because the Palcozvic carbonates are intenscly 
fractured along its axis, and the axis is ideally located through the 
center of the system to allow for the interception of ground water. 

Several small. springs discharge from the se Gein along the south 
rim. Notable examples include springs in che Lower Paleozoic” Lime- 
stones in fudian Gardens, Hermit Canyon, and Elves Chasm. Smaller seeps 
and springs occur in several other side canyons. The total discharge 
from these springs is small and amounts to about 1 foou" /aecand. The : 
source for the water is recharge immediately south of the Grand Canyon. 
Selected springs, such as the one at Elves Chasm, derive water from 
distances as great as a few miles south of the canyon rim. Water level data 
ace not available to accurately delineate the exctenc of the areas 
draining to these small springs. 

As shown on Fiyure 5, che Flow pattern in the eastern part of the 
Cataract system is dominently toward the southwest away from the eastern 
Grand Canyon. because recharge rates over the area are small, only 
minuce quantities of water are available to potential users in the up- 
stream end of the system (Metzger, 1961). This fact is the nemesis for 
any attempe by the National Park Service to develop Local ground water 
supplies for the south vim visitor area because there is virtually no 


ground water under the south vim. 
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HAULAPAL SYSTEM 


nar i A ih 


The Nualapai Plateau encompasses about 600 miles? and its surface 
lies between 4,600 and 6,000 feee in elevation. The western and southern 
sides of the plateau coincide with che boundary between the Colorado 
Plateau, and the Basin and Range physiographic provence to the wesc. 
The Paleozoic rocks younger than the Wescogame Formation have heen stripped 
from che area so that the Redwall and Muav limestones crop out over Large 
areas of the plateau (Huntoon and Billingsley, 1978). Riese rocks, 
including interbedded basale Flows, cuffs, and Locally derived course 
conglomerates, Fill several canyons on the plateau. All of these rocks 
dip northeastward toward the Grand Canyon. 

Figure 2 illustrates shan rainfall in the area ranges between 9 and 
L3 inches per year as contrasted to potential evaporation rates of 72 to 76 


inches per year. This results in a high desert environment characterized 


lla 


by Sparse grasslands in low areas, and juniper and associated shrubs: in 
the highlands. 

Because the plateau is well drained due to its clevation and topo- 
graphic isolation from surrounding areas, it is one place in the region 
where ground water flow in the Paleozoic rocks is dominently controlled 
by the dip. Mose of the water that discharges from the plateau leaves 
through down dip springs and seeps along the walls of the Grand Canyon. 
The springs discharge cither from the base of the Rampart Cave Member of 
the Muav Limestone (Figure 4) or £rom the interbedded tertiary conglomer- 
ates and voleanics that fill old canyons (Muntoon, 1977a). The cluster of 
springs in the southern end of Milkweed Canyon (Figure 8) discharge from 
the Cenozoic rocks. 

Nine water wells (Figure 8) ranging in depth from 144 to 300 feet 
have been drilled into the plateau and have yielded more hydrologic in- 
formation than wacer (Huntoon, 1977b). Significant findings include the 

if 
following. (1) Wells completed in the Redwall Limescone, Temple Butte 

, 

Formation, and Cambrian units above the Rampart Cave Member (Figure 3) 
produce, at best, only negligible quanticies of water. (2) Weft zones 
encountered in the Paleozoic rocks coincide with shale beds indicating 
chac che water is perched above shales. (3) One 275 fooc deep well 

(W8, Figure 8) was completed in the Cenozoic rocks and was pump tested at 
120 gallon/minute indicating that these permeabile rocks comprise the 
bese aquifers in the region provided they are saturated. Based on spring 


and seep locations, che base of the Rampart Cave Member of the Muav 


Formation (Figure 4) could yield small quantities of water to wells, however, 


only 2 wells have been drilled this deep. Both are located along the updip 
western side of che plateau and yield negligible quantities of water. 
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Te is possible to Cumpaee aomintmam rate of ground water cechacye 
to the rocks under the Hualapai Plateau becuse ground wacer discharge 
from the plateau can be accurately estimated (luntoon, 1977b). This 
favorable condition results because the Grand Wash Cliffs and the Grand 
Canyon expose vircually all of the permeable Paleozoic tocks around the 
edges of the plateau. Consequently the ground water system within it is 
essentially closed. 

Total spring and seep discharge from the Hualapai Plateau was about 
4 feet” Jaaenad ducing the spring and summer of 1976 (Huntoon, 1977a). 
Discributed over the 600 nate” surface of the plateau, this quantity 
yields a recharge rate of slightly less than 0.1 inch/year. ‘his value 
assumes thac (J) the discharge data used are representative of long term 
conditions, (2) springs and seeps account for all of the water leaving the 
Guten, and (3) neglible amounts of ne water are lost directly from 


the plateau as-unmeasured evapotranspiration. 


r 
/ 


The observed 4 feet’/second discharge from the Hualapai Plateau is 
not tepresentative of long term conditions because 1976 was a dry year. 
Consequently it is my opinion that the average recharge rate over the 
placeau is a few times larger than the 0.1 inch/year observed. Even so, 
such small vecharge rates are consistant with the large disparity thac 
exists between potential evapotranspiration and rainfall in che area. 

A small recharge rate over the plateau is substantiated by the face that 
most of the water discharpes From the base of the Rampart Cave Member 
even though there are thick sections of Bright Angel Shale above it. The 
vecharge rate is sufficiently small that the shales can allow the water 
to leak through to the Rampare Cave Member rather than divert it Lat- 


erally co springs at the base of the Peach Springs Member. 
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KALBAL SYSTEM 


The ground wacer system that deains the Kaibab Plateau is the most 


dynamic in the region. Large quantities of water discharge from a smalj 


13a 


number of spectacularly beauciful springs deep wlehin che Grand Canyon. 
Many of the springs are fed by extensive cavems that conduct the water 
_— miles from under the Kaibab Plateau. Flash flooding in the caves 
is common. ‘These Flood waters travel several tens of miles between the 
surface of the plateau and the springs in a period of several hours or a 
few days. Jn comparison, the waters recharging the Blue Springs and 
Cataract systems undoubtedly take many Sannin to circulate coinparable 
distances through chests systems. The physical setting that allows for the 
quick response observed in the Kaibab system desexvex special attention. 
The Kaibab Plateau is the most elevated of the areas adjacent to che 
Grand Canyon. [Lt rises to 9,300 feet in comparison to its surroundings 
of 6,500 feet or less. The result is a cool, lushly forested environment 
that sharply contrasts with che adjacent deserts. Because the 
plateau is high, it is an orographic barrier. Average precipitation 
ranges from 16 inches/year on its flanks to more than 30 inches/year at 
the dunndt (U.S. Weather Bureau Water Forecascing Unit, undated). LEvapo- 
ration potencial ranges between 58 and 62 inches per year (Meyers and 
Nordeson, 1962) which is low for the region. The ratio between potential 
evaporation and actual precipitation is lower for the Kaibab Plateau 
than any other area near the Grand Canyon. Consequently there is more 
Opportunity for water to enter the ground water system. Even though the 
Kaibab Plateau holds the record for precipitation in the area, no live 


surface streams drain from it. 
Freaccures and Circulation 


As shown on Figure 9, the tectonic structures that resuleed in the 
uplift of the Kaibab Plateau now strongly influence ground water circulation 
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through ic. The East Kaibab monocline, which displaced the rocks 2,500 
vertically, created an extensive zone of permeable fractures along the 


eastern edge of the plateau. The West Kaibab fault zone, which is com- 


prised of several interconnected faults with displacements as great as 


1,300 feet, bounds the plateau on the west. Other faults which crend 
eonncse il through the center of the platcau either intersect the West 
Kaibab fault zone or pass directly into the Grand Canyon. 

These structures serve as drains that intercept and conduct ground 
water from the interior of the Kaibab Plateau to springs deep in the 
Grand Canyon. In effect, selected faults and Fracture zones drain 
specific'parts of the Kaibab Plateau as shown on Figure 9, thereby result- 

Senet 
ing in a number of individual ground water basins within the Kaibab 
system. The Thunder-Tapeats basin will illuscrate how these basins 
funecion. 

The, Thunder-Tapeats basin, basin A on Figure 9, is the lLargesc chat 
drains tha Kaibab Plateau. It owes its existence to the extensive West 
Kaibab fault zone and related faults. These faults conduct water to 


Grand Canyon springs (Figure 10) from areas as far as 45 miles or more to 


the north. The springs draining the basin are shown on Figure 9 and are 


numbered respectively (1) the Deer Springs, (2) Thunder Spring, and (3) 
Tapeats Spring. On the averaye these discharge a total of 75 Feer?/ 
second, however flood discharges totaling almost 300 feae Pacened have 
been recorded (Johnson and Sanderson, 1968). The springs are located 
along faults or associated fractures but their elevations on the canyon 
walls are stratigraphically controlled. The water flows from the base 
of the Kanab Canyon Member of the Muav Limestone above its contact with 


the underlying shales. Field examination reveals chat che Brighe Angel 
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Shale develops a virtually impermeable gouge that cffectively seals 
‘ | 

the faults and prevents downward circulation of the water. In contrast, 
the brittle overlying limestones are rendered very permeable and, as 
water circulates through them, extensive caves dissolve along the 
fractures. Spectacular caves lie behind Thunder and Tapeats springs 
(Figure 11). Similar caves associated with the Deer Springs are buried 
by talus. 

| The fractures not only serve as lateral conduits, but also provide 
germeahle zones that extend to the surface of the plateau. [In unfractured 
areas, most of the recharge water accumulates in the Coconino and Toroweap 
formations above the Hermit Shale (Figure 3). Wowever if the rocks are 
faulted, the water will descend along the fault planes or associated 
fractures to the level of the Cambrian rocks and then follow the fault to 


a spring. 
Circulation and Storage in Unfractured Areas 


The Kaibab, Toroweap, and Coconino formations on the Kaibab Plateau 
can be envisioned as a sponge resting on a table. The sides of the 
sponge represent either canyon walls or faults. As water is applied 
over the surface of the sponge, the water moves downward. Because progress 
is halted at the table, the lower pare of the sponge begins to saturate 
and hydraulic gradients develop from the center of the sponge towards its 
edges. Eventually water begins to leak from the sides of the sponge. 
Notice Lhac if the supply of water is shut off, the leakage through the . 
sides gradually diminishes and will cease in time. 

The Kaibab system behaves in an identical fashion. Each year the 
permeable rocks above the llermit Shale are recharged by spring rains and 


winter snow:mele. The saturated zone ahove the Hermit Shale grows in 
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thickness, thereby causing a steepening of the hydraulic gradient coward 
the faults in the vicinity. ‘The inereased gradients resule in an acccler- 
ated leakage rate of wacer into the fault zones and a consequent rise 

in spring yields deep in the canyons. As the dry summer and fall seasons 
follow, recharge rates diminish, gradients decrease, and ultimacely 

spring flows lessen. 

Ie is important to realize chat the re zone above the Hermic 
Shale is noc completely drained each year. Rather, large eneuinks of 
water go into storage in this zone. Once in storage, the water moves 
slowly toward the fault drains and, in most cases, takes years to move 
from the point of recharge co the fault. The annual pulsing of the 
system by recharge waters periodically a the rate of movement 
of the water in storage but it does noc completely clear the system of 


water held over from previous years. 


Seasonal Variations in Spring Discharge 


’ 


Figure 12 illustrates that the peak discharge through the Kaibab 
system lags the peak winter precipitation by approximately 3 months. The 
lag is accounted for by water entering storage above the Hermit Shale. 
Time is required before the zone of saturation above the shale thickens 
sufficiently to increase gradients toward the fault drains. During the 
dry seasons, the gradual ee of water from storage accounts for the 
steady base flows from che springs. 

Nocice on Figure 12 that there are two peaks in seasonal precipitation 
versus one in the discharge. This occurs because little if any of the 
summer rainfall recharges the ground water system. The summer rains are 
lose directly from the surface of the plateau through evapotranspiration 


by che dense forese. 
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Flash Floods in Caves 


Flash floods through the caves proves conclusively that the faults 
and fractures are hydraulically open to the surfaces of the Kaibab 
Plateau. Consider the following tale. On the morning of January 26, 
1969, four cave explorers entered the cave behind Vasey's Spring (spring 
19, Figure 9) in Marble Canyon. Rain had been falling in the area since 
January 24 and was mild in intensity. The explorers found the discharge 
of the cave to be small. Near the entrance there were 3 or 4 inches of 
standing water, which exited the cave through a small hole leading to 
the spring on the cliff. Afcer 18 hours in the cave the spelunkers 
returned to che entrance and found to their horror that a lake over 7 
feet rv had flooded the passages through which they ia walked a few 
hours earlier. Fortunately 5 inches of air space remained between the 


water and ceiling, making it possible for them to swim to safety ac 3 


a.m. on January 27. Within 5 hours, water was cascading From the normally 


dry aatereae to the cave indicating an additional water level rise. The 
main spring on the face of the cliff was under considerable pressure and 
water jetted from the orifice (Williams, 1969) + 

The writer experienced a similar flood in Thunder Cave during the 
spring of 1960. In this case the discharge increased 30 to 40 percent 
over a period of a few hours in response to rapid snow melt on the plateau. 
Laps between a storm on the plateau and a flood at che pitas range 
from a few hours to a few days depending on the intensity of the storm 
and the distance to the springs. The recession of large floods is very 
gradual and may last for weeks. 

Many of the grassy parks on che Kaibab Plateau coincide exactly with 


the traces of major faults. The parks are characteristically dotted with 
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sinkholes related " solucion of gypsum in the underlying Toroweap 
Formation. Many of the parks contain extensive areas of closed surfuce 
drainage. These karst features directly channel runoff water such as 
flash floods and snow mele into the fault zones. Such waters are prob- 


ably the principal source for flash floods in the caves. 
MARBLE - SHINUMO SYSTEM 


The Marble- Shinumo system drains the ground water from the plateaus 
surrounding Marble Canyon, and probably from irene of adjacent plateaus 
to the east and north, The only water level data available for the area 
are the elevations of servings. ta Marble Canyon. Consequently, the Flow 
pattern shown on Figure 5 for the system is largely iniepenueins: 

A major graben complex bounded by the Fence and Eminence faults 
(Figure 13) controls ground water circulation in the system. The rocks 
lying between these faults are intensely fractured and have large per- 


meabiliies. 
/ 
The lowest outlet along the graben for water moving updip from the 
north or dazk de the point where the Fence fault intersects the Colorado 
River in Marble Canyon. As expected, large springs discharge from the 


fault zone and associated fractures on both sides of the river at stream 


level. The water flows from the Mooney Falls Member of the Redwall 


Limestone on the downthrown side of the fault at temperatures of 69°F. 


The cotal Flow cannot be estimated accuratcly because some of. the springs 
ot 3 

lie below river level, however about 15 feet™/second discharges from 

a secies of springs, collectively called East Fence Spring, along the 


east side of the river. 
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Seee* 


; | 
The water that discharges from East Fence Spring (spring 21, 


- 
Figure 9) originates on the part of the Marble Platform south of the 
river. Fraccures in the graben complex afford the best opportunity 
in che area for the water to move downward into the lower carbonate 
{ 
group. 
| Recharge rates to the lower carbonate aquifers on the north side of - 

the river are small owing to the face that tein£al), is small and there 
Pr no major faults in the eb to accommodate the vertical movement of 
water. However, whac little water does reach the lower secienibie 
probably discharges from West Fence Spring (spring 20, Figure 9) or 
springs farcher downstream on the north side of.che river. 

Vasey's and West Fence springs (springs 19 and 20, Figure 9), a5 
well as several submerged springs between them, discharge eae that 
—? eriginaves on the Kaibab Plateau from basin H, Roane 9. This 
ee because the Fence fault and subsidiary Regehires tonne toward an 
intersection with Bast Kaibab monocline and setvade a shunt which 
diverts water from the monocline to Marble Canyon. This water discharges 
from fractures in the Redwall Limestone near or below river Lied, Vasey's 
Spring (Figure 14) discharges from an extensive cave in the Redwall lime- 
stone. Total ddischatee from the Fence fault zone on Ere west side of 


Marble Canyon is a few tens of eer” /eccand., 


OTHER SYSTEMS 


Two’ substantial groups of springs discharge from the Prospect’ system, - 
including three separate springs in the upstream reaches of Diamond Canyon, 
\ t 4 i a’ 


and Warm Springs. along the Colorado River at Lava Falls Rapid on the 


Colorado River (Figure 7). The headwater springs for Diamond Creek drain 
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the plateau south of Diamond Manvow, The total discharge evom cheese 
springs is about 1.5 ie ont and they flaw from the Peach Springs 
‘Member of the Muav Limestone. Warm Springs discharges about 10 duet f 
second from the Rampart Cave Member along che downthrown side of the 
Toroweap Fault. Parte of the water in Warm Springs discharges below 
river lesiath Although Warm Springs is a major spring, relatively few 
people see it because it is on the south side of Lava Falls Rapid and 
the excitement of the rapid distorts careful scientific observations of 
the ground water hydrology in the area. Warm Springs is 78°F and draius 
the plateaus that-abut the Toroweap fault for distances as far south of 
the Colorado River as 35 miles or more. 

The Kanab system (Figure 5) yields the smallest quantity of water per 
surface area in the region. The rainfall on che system is only 10 to 14 
inches per year, most of which is evapotranspired from the desert land 
surface. Less than 1 Baer" /sacond discharges from the system, most of 
which appears in small springs localized on Evactures or partings along 
bedding planes in outcrops of the lower carbonates in Kanab Canyon and 
along the Colorado River. 

The Stuivwits system (Figure 15) deserves more study than it has 
historically winliaed Very little is known about the ground water circu- 
lation in this elevated a, because no deep wells have been drilled 
into it. Three small noon of Hiraka along Lake Mead, Surprise Canyon, 
and Spring Canyon shown on Figure 15 crntetinns most of the known ground 
water discharge from the system to the Grand Canyon. Most of elie water 
appears in springs in Surprise Canyon, and probably originates along 
collector faults associated with the Dellenbaugh faule. These springs 
yield abouc 0.5 Feat”/second and discharge from the Redwall Limestone or 
older rocks. Spring Canyon on the east side of the Shivwits Plateau con- 
tains a spring that discharges ee ee graben in the Rampart Cave 
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Member of che ae dea ie The yield from this spring is highly 
variable but usually averages lass than 0.5 Eeet?/second. Springs and 
seeps from the Rampart Cave Member of the Muav Limestone occur along the 
north shore of Lake Mead near the mouth of Kw Geand Canyon, however 
these have long since been drowned by the lake. Some of the water enter- 
ing the Shivwits system north of the Grand Canyon probably circulates 
northward co the Virgin River. | 

The Basin and Range systems (Figure 5) lie to the west 6£ the 
Colorado Plateau. The primary aquifers involved in these lowland areas 
are Cenozoic alluvial and volcanic rocks. Interested readers are referred 
to Gillespie and Bently (1971) for details on ground water movement in 


these systems. 
WATER QUALITY 


A limited amount of water. quality data are available for the springs 


a . 
in the Aorand Canyon and can be found in Johnson and Sanderson (1968), 


Husbcon (1977a), and U.S. Geological Survey (undated). Most of the water 
from the Grand Canyon springs is of the calcium-magnesium-bicarbonate 
type (Huntoon, 1977a). Typical total dissolved solids range from 150 to 
800 milligrams/liter so the water falls in the fresh aussie The greatest 
measured total dissolved solid content in the area is Sites 9,000 milli- 
grams/liter Posi Pumpkin dicts (Figure 1) whieh discharges only 2 gallons 
per minute from the. Tapeats Sandstone. 7 : | 

The data available indicate chat che amount of dissolved ees in’ 
the spring waters is closely related to the length af chm the water is in 
residence in the rocks. As expected, the best quality water with tocal 


dissolved solids of less than 200 milligrams/liter discharges from the 


caves in the Kaibab system, a system that is well drained by fast responding, 
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highly permeable fractures and caves. Intermediate quality wacer having 
300 to 600 milligrams/liter of dissolved solids, discharges from the 
Cataract, Prospeec, Iialapai and Shivwits systems, each of which is well 
drained but characterized by smaller permeabilities than occur in the 
Kaibab system. The Blue Springs contain water with an average cotal 
dissolved solids of about 2,500 milligrams/liter which is consistant with 
the large areas that they drain and the long time that the water has been 
in transic. 

A second important factor that determines che quality of water is the 
type of rock through which the water passes. The presence of gypsum in the 
Kaibab and Toroweap formacions adds siynificantly to the percentage of 
sulfate in water that recharges through these rocks. For example, the 
Kaibab and ‘Toroweap formations have been stipped from the Hualapai system 
so waters discharging From this area have significantly lower percentages 
of sulfate than the waters from the nearby Prospect and Shivwits systems 
which are capped by these units. Water that discharges from the Bright 
Angel and Tapeats formations jg very salty due to the presence of sodium 
chloride. Examples of salt springs from these units include Pumpkin 
Spring and many minor salt seeps chat discharge From the Tapeats Sandstone 
throughout the Grand Canyon. 

The spring waters in the Grand Canyon are generally safe to drink. 
A number of people have, of necessity, drunk the mineralized water from 
Blue Springs for periods of several days without noticable injury. Problems 
arise mainly from fecal contamination of the waters once they leave the 
springs. Humans along Lrighe Angel Creck and Havasu Creek, and wild 
borrows along streams in the western Grand Canyon cause contamination. 

Once the water Leaves the springs and flows down canyons to the 
Colorado River, a number of things alter the water quality. Mose nociceable 
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is a warming of the water. » the dissolved solids content is primarily 
altered by the precipitation of calcium carbonate (luntoon, 1977a) which 
is amply demonstrated by the abundance vi travertine deposits along many 
streams, particularly in the western Grand Canyon. Travertine aprons 
and dams formed at springs in the Hualapai system are many tens of Feet 
thick. Qther lessor quality changes resule from the dissolution of salts 
From the stream beds. Some small streams may experience a concentration 
of dissolved solids due to evapotranspiration of water, particularly in 
the summer. 

The wesiiisendenanaes of the spring waters in the Grand Canyon vary From 
a low of 49or from some of the caves in the Kaibab system to 86°F at 
Pumpkin Spring. There is a rough inverse correlation between che eleva- 
tions of the plateaus that are drained and the temperatures of the waters 
that discharge from the springs. For example, the temperatures of the 
waters thac drain from the caves in the Kaibab Plateau range between 49° 
and §7°K. These are the coldest in the region and drain from the highesc 
plateau which ranges from about 6,500 feet to 9,300 feet in elevation. 
The systems with generally low elevations including che Marble-Shinumo, 
Blue Springs, and Cataract are characterized by water temperatures of 
70°F. ‘The warmest waters in the area, 70°F to 80°F, Flow from springs 
in the Shivwits, Hualapai, and Prospect systems. These systems have the 
warmest mean annual air temperature in the area so greater water 


temperatures aré expected. 
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Table 2. Characteristics of the ground water systems shown on Figure 5, 


Dominent Paleozoic Estimated Averaze Tozal 


Source Rocks fer Springs Svstem Characteristics Discharge (feet /secenc? 
Biue Springs Redwall Limestone ground water flow converges at Blue Springs along faults 220 
Cataract Redwail Limestone - ground water flow converges at Havasu Springs 65 
Hualapat ground water circulates to numerous down dip seeps and a 
springs in the Grand Canyon 
Naibab Peach Springs Member of ground water drains through caves dissolved aleng faults and 17C 
Muav Limestone associated fractures 
Sanad Redwall Limestone ground water drains to seeps and springs in the structurall- 1 
low Kanab Canvon and along the Colorado River 
Marble - Shinumo of ground water circulates to fault controlied springs in i5 
Redwail Limestone Marble Canyon 
Prospent Rampart Cave and Peach Sorings around water circulation is dominated by major north trending € 
Members of Muav Limestone faults 
Shivvits Rampart Cave Member of ground water discharges from selected fault contreiled springs L 


ing water may circulace northsard 


Muay Limestone in the Grand 
avay from ct 


NuaLlapal 


Raidab 


Shiveics 


Tadle 3. 


Cnaracteristics of the largest spring known to drain from each of the ground water systems shotn on Figure 5 
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Table 1. Qualitative assessment of permeabilities of the Paleozoic rocks in the Grand Canyon region, Arizona. 
Good indicates measured hydraulic conductivities on the order of 1 foot/day; virtually impermeable indicates rocks are impermeable unless fractured. 


elari- 


Permeability 


Unfractured Areas Fractured Areas Types of Porosity Common Stratigraphic Locaticn of Springs 
Katbab Formation exarere| excellent fractures, small solution cavities, collapse above shale members and 
karst structures massive limestones 
Toroweap Formation good excellent fractures, solution cavities in gypsum members, above shale members and 
intergranular porosity, partings along bedding massive limestones 
planes 
Ceconino Sandstone fair excellent fractures, intergranular porosity base of unit 
poor very good fractures, partings along bedding planes base of minor sandstone 
members 
Sucadi &roup peor very good fractures, partings along bedding planes, above shale members and 
very miner intergranular porosity base of unit 
Redwali Linestene vircually very good fractures, caves, partings along bedding 
impermeable planes, paleoxarst cavities 
Temple Butte Formation vircually very gcod solution enlarged fractures bedding planes 


impermeable 


Muav Limestone excellent fractures, extensive caves, parcings base of limestone members 
along bedding planes 

Bright Angel Shale poor fractures, partings along bedding planes, usually associated with 
minor intergranular porosity in sandstone sandstone layers 
members 

Tapeats Sandstone poor geod fractures, partings along bedding planes, base of unit 
minor intergranular porosity in selected 
locations 
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LIST OF ILLUSTRATIONS 


Figure 1. ° Geographic subdivisions of the area surrounding the Grand 
Canyon, Arizona. ‘The Colorado River serves as a boundary for 
all named areas except Marble Platform, and Basins and Ranges. 

Figure 2. Average rates in inches per year of precipitation (solid 
contours) and potential evaporacion (dashed ee in the 
Grand Canyon region, Arizona. Precipitacion from U.S. Weather 
Bureau Water Forecasting Unic (undated); potential evapo- 
transpiration from — and Nordenson (1962). 

Figure 3. Padieneate rocks underlying the plateaus adjacent to Kink Setecia 

. Canyon, Arizona. The Muav Limestone-Bright Angel Shale contact 
is arbitrarily placed at the base of che Rampart Cave —s of 


/ the Muav Limestone (see Figure 4). 


Blauee lhe Cambrian stratigraphy in the vicinity of che Hualapai Plateau, 
western Grand Canyon, Arizona. Shaded units are shale menbers 
Nomenclature and spelling of Meriwitica from McKee and Resser 
(1945). From Huntoon (1977b). . 

Figure 5. Locacions of ground wacer systems, the major spring in each 
system, and regional ground water circulation in the areas 
ldatend to the Grand Canyon, Arizona. Arrows show generalized 
direccions of ground water movement; dashed lines are system 
boundaries, question wacks indicate — the location of the 
boundary is speculative. i ee 


Figure 6. Principal geologic structures, regional ground water ae 


daveceione, and documented water levels MeGavock, 1968) in 
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Figure 7. 


Figure 8. 


Figure 9. 


Figure 10. 


Figure ll. 


Figure 12. 


the northwestern part of the Blue Springs system, Arizona. 

The Blue Springs are located between letters A and B. 

Locations of major geologic structures and springs in the 
daeweans and Prospect systems, casctern and central Grand 

Canyon area, Arizona. 

locations of major geologic structures, springs, and wells in 
the Mualapai Sibi: inate Grand Canyon area, Arizona. Spring, 
numbers correspond to: 1-Columbine, 2-Quartermaster, 3- 
Meriwhitica, 4-Spencer, 5-Travertine. 

Major geologic structures, ground water drainage basins, and 
springs in the Kaibab system, eastern Grand Canyon, Arizona. 
Basin boundaries are dashed; contours show the elevation of 

the base of the Kanab Canyon Member of the Muav Limestone in 
feet above sea level; arrows show the direction of ground water 
movement along major structures thaet fracture the rocks. Spring 
numbers correspond to: 1-Deer, 2-Thunder, 3-Tapeats, 4-Shinumo, 
5-Noble, 6-Abyss, 7-Crysctal, 8-Dragon, 9-Phancom, 10-Haunted, 
ll-Ribbon, 12-Transept, Titec. 14-Emmecc, 15-Angel, 16-Wall, 
17-Cheyava, 18-At Lase, 19-Vasey's, 20-West Fence, 21-East 


. 


Fence. 
Thunder Spring (spring 2, Figure 9) discharges from the base 
of the Kanab Canyon Member of the Mauv Limestone.” Controlling 
fault is buried by calus on left. From Huntoon (1974). 

Cave behind Thunder Spring. Vassages are joine controlled and 
parallel a nearby fault. 


Average monthly precipitation ac North Rim and average monthly 


‘discharge of spring-fed Bright Angel Creek (U.S. Deparcmenc of 
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Figure 13. 


Figure 14. 


Figure 15. 


Commerce, Lssucd monthly; U.S. Ccological Survey, issued 
annually). From Wuncoon (1974). 

View looking northeastward along Marble Canyon showing most 

of the Marble-Shinumo system, Arizona. A-Fence faulc, B- 
Mminence fault, C-East Kaibab monocline, D-Echo Cliffs monocline, 
E-locacion of East and West Fence Springs in Marble Canyon, 
F-Lec's. Ferry. U.S. Air Force - U.S. Geological Survey Photo. 
Vasey's Spring (spring 18, Figure 9) discharges from the Mooney 
Falls Member of che Redwall Limestone from an extensive 
fracture controlled cave chat drains the Fence fault. 


Locations of major faults and springs in che Shivwits system, 


western Grand Canyon area, Arizona. 
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Thunder Spring (spring 2, Figure 9) discharges from the base 


of the Kanab Canyon Member of the Mauv Limestone. Controlling 


fault is buried by talus on left. From Huntoon (1974). 
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Cave behind Thunder Spring. 


parallel a nearby fault. 
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Figure 12.: 


PRECIPITATION 
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Average monthly precipitation at North Rim and average monthly 


: ee Sei 
discharge of spring-fed Bright Angel Creek (U.S. Department of 


Commerce, issued monthly; U.S. Geological Survey, issued 


annually). From Huntoon (1974). 
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Figure 13. 
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View looking northeastward along Marble Canyon showing most 

of the Marble-Shinumo system, Arizona. A-Fence fault, B- 

Eminence fault, C-BKast Kaibab monocline, D-Echo Cliffs monoclince, 

E-location of East and West Fence Springs in Marble Canyon, 


F-Lee's Ferry. U.S. Air Foree - U.S. Geological Survey Photo. 
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Figure 14. 
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Vasey's Spring (spring 18, Figure 9) discharges from the Mooney 
Falls Member of the Redwall Limestone from an extensive 


Fracture controlled cave that drains che Fence fault. 
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Figure 15. Locations of major faults and springs in the Shivwits system, 
western Grand Canyon area, Arizona. 
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PROJECT SUMMARY 
Hydrodynamic controls on karstic permeability in carbonate terranes 


Peter W. Huntoon, Department of Geology and Geophysics, University 
of Wyoming, Laramie, WY 82071 


The single most distinguishing attribute of a carbonate 
aquifer is that the medium is. soluble. Consequently, the 
permeability structure is created by the flow regime. The 
permeability is dynamic, not static. Thus, the permeability 
structure can vary with time as the flow regime responds to 
changing boundary conditions imposed on the flow field. 

This research project is designed to reveal the importance of 
hydrodynamic circulation on karstification processes. The primary 
objective of this project is to identify the independent variables 
in the hydrologic and geologic environment that lead to the 
localization of dissolution conduits in carbonate aquifers. 

The methods employed in this research include the following. 
(1) Improve the quantification of karstic aquifer hydrodynamics 
through the identification of or development of appropriate partial 
differential equations describing the circulation of fluids coupled 
with expressions that allow for temporal evolution of permeability. 
(2) Identify the hydrodynamic commonalities and distinguish the 
dissimilarities between vadose, unconfined phreatic and confined 
phreatic karsts, because each of these environments results in 
unique conduit morphologies and organizations. (3) Determine on a 
macroscopic scale karst system sensitivity to important 
hydrodynamic and geologic variables, | 5 2 3 es ae 

This research will improve the means employed to 
quantitatively characterize carbonate aquifers, and also focus 
awareness on the linkage between permeability distributions within 
aquifers and circulation systems that produced the permeability. 
Practical benefits include improved models for predicting the 
spatial distribution of enhanced permeabilities within carbonate 
aquifers. The latter can be employed directly in ground water 
exploration, or indirectly in mineral exploration where ore bodies 
are localized in paleokarst zones. 


Hydrodynamic Controls on Karstic Permeability 
in Carbonate Terranes 


OBJECTIVES 


The purpose of this project is to identify the independent 
variables in the geologic environment that lead to the localization 
of caves in aquifers comprised of soluble rocks. fThe specific 
objectives of the research include: (1) improving the 
quantification of karstic aquifers through the identification of 
appropriate governing equations, boundary conditions in space and 
time, and system characterization; (2) distinguish the similarities 
and dissimilarities between vadose, unconfined phreatic, and 
confined phreatic parts of karst systems; and (3) identify 
archtypical field examples that illustrate on a macroscopic scale 
karst system sensitivity to important independent variables. The 
focus of this project will be on the hydrodynamic processes 
involved in conduit localization. Of particular interest will be 
an examination of the changing importance of hydrologic and 
geologic variables that influence the localization of conduits as 
a function of time. 

The practical benefits that will acrue from this research 
include improvements in our ability to predict the most probable 
locations of dissolution enhanced permeability in carbonate 
aquifers. Such insights will, for example, enable us to (1) better 
target large transmissivity zones during ground water exploration 
programs in karst terranes. and (2) identify the locations of 
potentially large velocity flow pathways in carbonate sections 
plagued with contaminant plume migrations. 

Insights gained from this research also have the potential to 
improve mineral exploration procedures in regions where ores are 
localized in association with paleokarst structures. For example, 
breccia pipes representing collapses into Mississippian paleokarst 
zones host important uranium deposits on the Colorado Plateau. Any 
model that can be used to predict the areas of most intense 
karstification in the Mississippian carbonate strata will 
materially improve uranium exploration efforts in that region. 


RELATIONSHIP TO INVESTIGATOR'S ON-GOING RESEARCH PROGRAM 


This research represents the latest phase of a decades-long 
program of investigation undertaken by the writer to identify the 
role of geologic structures in the enhancement or diminution of 
permeability in well-indurated sedimentary rocks. To date, the 
work has focused primarily on the contrasts in permeability that 
result from compressional and extensional tectonism. However, when 
considering soluble stratigraphic sections, structural models 
commonly fail to explain permeability distributions because, of 
course, they cannot account for the ability of dissolution to 
totally alter permeabilities once circulation commences through the 
fractured medium. The proposed project will carry this research 
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effort into the exciting, more complicated, arena of well-indurated 
carbonate rocks. 

The writer has one funded research project which will 
terminate in December, 1991: Assessment of the impact of reduced 
stream flows on ground water recharge and spring discharges in the 
Little Snake drainage basin, Carbon County, Wyoming (Victor 
Hasfurther CoPI) Wyoming Water Center State grant-in-aid, June- 
December 1991, $26,402. 


STATEMENT OF THE PROBLEM 


One conventional wisdom in hydrogeology is that in order to 
locate cavernous permeability in dense limestones, one can 
accomplish the job by exploring for zones of increased fracture 
density. Implicit is the assumption that the caves should be 
localized along the fractures because fracture permeability allowed 
for circulation which in turn localized dissolution. Another 
conventional wisdom is that exploration efforts should focus on 
limestones rather than dolomites in an heterogeneous carbonate 
section because the limestones have greater solubilities than the 
dolomites. The fact is that exploration strategies based on these 
and similar wisdoms, at best, deliver mixed results. 

Cave exploration quickly reveals that the passages generally 
crosscut, with little or no regard to their presence, both 
structures and lithologies having variable solubilities. Obviously 
the presence of structures and rock lithology are not the 
independent variables that lead to localization of karst conduits. 

Spelunkers produce cave maps in great abundance, and those 
coming from caves in near-horizontal strata commonly reveal an 
ordered network of passages that obviously reflect the local joint 
pattern. The common interpretation in such simple settings is that 
the caves are joint controlled. This conclusion misses the point 
and trivializes the issue. The pertinent question is: why is the 
cave localized on these particular joints when vast volumes of the 
surrounding rock are ubiquitously jointed but largely undissolved? 
Obviously, in this case, the cave is localized on some joints, but 
the joints do not control its location in the larger rock mass. 

The fact that the medium is soluble is the most distinguishing 
attribute of a carbonate aquifer. Its permeability structure is a 
consequence of the circulation system because it adjusts to the 
flow regime imposed on it. The permeability structure can vary 
with time as the flow regime responds to changing boundary 
conditions imposed on the flow field. In this type of aquifer, the 
voids are created by the flow regime, thus the permeability is 
dynamic not static. The ultimate hierarchy of permeability 
pathways and their organization in the aquifer is dictated by the 
hydrodynamic properties of the flow systen. 

The hydrodynamic problem can be visualized through a 
formulation that allows the permeability to increase with time as 
a function of the darcian flux through the aquifer. Linkage 
between permeability and flux takes a form such as: 


vz-K= (1) 
a5 
where: h = hydraulic head, 
6 = general spatial coordinate, 
v = specific discharge, 
K = hydraulic conductivity, and 
2 = hydraulic gradient; 


but wherein: 
where: 
t-1 and t indicate time progression. 


Notice that as written these equations are linked in a feedback 
loop where the permeability is adjusted between the time steps as 
some function of the latest available specific discharge through 
the rock. This feedback scheme will lead to an aquifer with an 
highly anisotropic permeability regardless of the permeability 
configuration in the initial state. 

A simplistic pseudo-time dependent feedback model that 
reasonably describes the genesis and localization of conduits ina 
karst aquifer can be constructed lpineiecetie a steady state ground 
water flow equation such as: 


a Tee ee) ; (Ty? 
Ox dy 


(3) 


where: 


T = Kb, 

b = saturated thickness, 

x, Y = spatial coordinates, 

Txx ,Tyy = anisotropic transmissivities at x,y, and 
W = source-sink tern. 


The solution to equation 3 using appropriate boundary 
conditions, results in a map of the hydraulic head. The heads are 
used in equation 1 to calculate the specific discharges for the x 
and y directions, and the results are used to adjust T xx and Tyy 
throughout the flow field in accord with equation 2. Successive 
views of the aquifer are simulated by cycling through these pseudo- 
time steps. 

The adjustments in Txx, and Tyy result in both progressive 
increases in permeability and reorientations of the pathways. This 
is accomplished in nature by successive imprinting of new, ever 
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more favorably oriented, dissolution tubes through the rock mass, 
as well as by enlargement of those that have favorable 
orientations. The earliest tubes can be abandoned entirely. As 
the favorably oriented conduits become established, their size will 
grow allowing them to accommodate increasingly greater percentages 
of the total circulation through the rock mass. Progressive 
capture of flow by the most favorably oriented tubes speeds the 
rate of dissolution enlargement and the locations of those conduits 
become increasingly fixed within the rock mass. 

The term f(v) in equation 2 undoubtedly has a linear form 
early in the development of a karst system. However it probably 
takes on non-linear characteristics as karst conduits enlarge in 
the aquifer, particularly in vadose zones and at the tops of 
unconfined phreatic aquifers. 

In this conceptualization it is evident that conduit 
localization is a function of specific discharge. Consequently the 
primary variables governing the location of the conduits are 
permeability and gradient in accord with equation 1. However, 
hydraulic conductivity is not independent of gradient. Important 
in the early stages of karstification is the fact that both 
permeability and hydraulic gradient are competing for dominance in 
determining where the conduits will localize in the aquifer. 
However, as time goes on, the gradient ultimately wins dominance, 
a condition forced by equation 2. 

Notice, of course, that hydraulic conductivity is a tensor 
quantity so the imposed permeability structure can be extremely 
anisotropic during the initial stages in the life of the 
circulation system or in the initial stages after reorganization of. 
system boundary conditions. As the dissolution voids reorganize 
during karstification, the permeability structure will change 
radically yet inevitably retain strong anisotropy. 

From this cursory analysis, it appears that karst conduits 
will develop in areas where gradients are maximal and they will 
adjust to orientations that parallel flow lines given a reasonable 
amount of geologic time. Therefore the search for conduits in old 
karst systems will resolve itself to a search for locations in the 
aquifer where flow has been concentrated. 

As the boundary conditions on the aquifer change through such 
externals as tectonics, geomorphic adjustments in base levels, 
etc., the karst systems will respond dynamically and old passage 
networks will become abandoned and supplanted as new networks 
develop and adjust to the new flow regime. In the extreme, new 
conduits will crosscut older networks. By acknowledging the 
ability of the permeability structure within karst systems to 
change radically with time, there is recognition that karst genesis 
and conduit distribution is, in fact, a complex boundary value 
problem in hydrodynamics in space and time. 

The contribution of the research proposed herein is a forward 
step in describing the importance of hydrodynamic circulation on 
karstification processes, particularly the recognition that 
permeability structure is a consequence of that circulation. In 
the context of the North American literature, this work will bring 
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the mechanical issues into perspective and complement the existing 
advanced state of dissolution kinetics. This work will step off 
from the hydrodynamic work of Mangin in France and will follow a 
parallel thread initiated by Eraso of Spain. This research will 
focus on predictability; therefore, the emphasis will be on 
exploration in contrast to more traditional focuses on karst 
genesis. One practical benefit of the research should be 
clarification of the contrasts between karstic and fractured 
aquifers, a topic opened for treatment by Bakalowicz and Mangin 
(1980). 


RELATIONSHIP TO PRESENT KNOWLEDGE AND CURRENT 
INTERNATIONAL RESEARCH EFFORTS 


The state of health of karst research is excellent, is 
international in scope, and is progressing on three primary fronts: 
geomorphologic, geochemical, and hydrodynamic. 

The Europeans, western and eastern, have forged ahead of North 
Americans on the hydrodynamic front. Recent texts in English by 
Ford and Williams (1989) and White (1988) nicely summarize the 
current state of geomorphologic work around the world, so a 
detailed citation of work in that domain would be redundant here. 
Suffice it to say that the geomorphologists are becoming acutely 
aware of the importance of base level changes, and tectonic uplift 
and subsidence, as these factors alter the boundary conditions on 
the flow fields that govern karstification. 

Significant geochemical research treats carbonate dissolution 
and karstification, the most comprehensive summaries being those of 
Bakalowicz (1979), Dreybrodt (1988) and Palmer (1991). This body 
of knowledge provides a wealth of process-oriented insights into 
the kinematics of dissolution in karst terranes and allows for the 
introduction of real time into karst genesis models as revealed by 
Palmer (1991). The geochemical literature obviously will allow for 
significant improvements in equation 2 that are based on 
dissolution kinetics. 

The thrust of this project is hydrodynamic in scope. This 
research builds on a broad base of significant contributions that 


draw from the international community. Many workers have 
recognized the importance of the hydraulic gradient in localizing 
conduits. Among the most articulate of these are recent North 


American works by Ewers (1982), Huntoon (1989) and Palmer (1991). 
One very significant contribution utilizing hydraulic gradients to 
predict conduit locations has been made by Eraso (1985). Extremely 
important for the project at hand is an emerging vision of karst 
systems cast in terms of thermodynamics where optimization 
techniques and stochastic treatments of input-output functions are 
developed from hydrodynamic and dissolution kinematic models. 
Visionary work along these lines was begun by Mangin (1975). 
Insights arising from his work include the hierarchical 
organization of conduits as a consequence of imposed circulation 
systems. 


RESEARCH DESIGN 


Three lines of inquiry will be pursued which conform to the 
three objectives. These are treated in turn. 

OBJECTIVE 1. evelopment d antifica ° rocesses. 
Equations 1 through 3 comprise a beginning point for identifying 
the independent variables which govern the localization of karst 
conduits in soluble aquifers. Certainly these equations are 
simplistic, and they are posed here in steady-state form as a 
convenience in presenting these ideas. Significant improvements 
can be made by improving these expressions, or by developing 
better system descriptions. The first phase of this project will 
involve (1) searching the literature for improved system 
descriptions including time-dependent partial differential 
equations and appropriate dissolution kinetic models, (2) deriving 
better system expressions if necesssary, and (3) writing simplistic 
models that can be used to test system sensitivity to hydrodynamic 
and geologic variables. 

This effort will be undertaken as the first phase of this 
project and lends itself particularly nicely to a semester-long, 
interactive seminar in quantitative hydrogeology involving MS and 
Ph D students. This phase will be carried out during the spring of 
1991, as the centerpiece of a numerical methods course in ground 
water geology at the University of Wyoming. The development will 
be organized as follows: (1) appropriate partial differential 
equations will be derived, (2) the literature will be searched for 
applicable ground water equations and equations describing 
dissolution kinetics, (3) simplistic finite difference or finite 
element models will be written to solve the PDEs in order to gain 
quantitative insights into the interrelationships between primary 
variables, (4) evolving boundary conditions will be imposed on the 
models to assess system responses to changing boundary conditions, 
and (5) recommendations will be developed on how to test the 
concepts in the geologic environment. Obviously this effort will 
be undertaken during the period when this proposal is under review. 
This task will be carried out regardless of the success of this 
proposal, so no resources are requested to carry out this phase of 
the work. 


OBJECTIVE 2. Morphologic distinctions between classes of 
karst systems. Preliminary work on the morphology of caves reveals 


that the possibility exists for a three-part hydrodynamic 
Classification based on passage organization, specifically (1) 
vadose, (2) phreatic unconfined, and (3) phreatic confined. The 
tentative finding that passage morphology and organization allow 
for this classification implies that there are differences in the 
respesctive circulation systems that produce different conduit 
organizations. 

This phase of the research is divided into two tasks. First, 
a number of known systems will be examined to test if a 
classification scheme actually works. Second, morphologic elements 
common to all the systems, and those common only to one group will 
be identified, and a hydrodynamic explanation for the respective 
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findings will be sought. The types of questions to be addressed at 
this stage include the following. Why do vertical shafts 
predominate in the vadose zone even though they obliquely penetrate 
highly variable lithologies and complex tectonic structures? Why 
do caves in unconfined aquifers generally parallel the water table 
regardless of structure or lithology? Why are three-dimensional 
mazes most common in confined aquifers? What is the ultimate 
impact on passage organization if a zone of extremely large 
hydraulic conductivity occurs at various oblique angles athwart the 
hydraulic gradient? 

Objective 2 will be undertaken during the first year and the 
work will continue into the second. This effort will involve the 
selection of type examples of caves from each hydrodynamic 
environment, and they will be analyzed for similarities and 
dissimilarities in passsage morphology and organization. The 
objective of this effort is to identify features that can be used 
to interpret hydrodynamic information about the respective types of 
systems which in turn can be used to test the models under 
consideration. 

Existing basic data sets that will greatly facilitate this 
phase of the study include the numerous cave maps available 
worldwide from spelunkers for highly divergent environments. High 
quality cave survey data exists in French and Chinese national 
karst research institutes. For example, considerable information 
on vertical shafts in thick carbonate sections is available for the 
French karsts in an highly organized form through the Laboratoire 
Souterrain du Centre Nationale de la Recherche Scientifique in 
Moulis. Huntoon is involved in ongoing cooperative investigations 
with Bakalowicz and Mangin which will allow appropriate data 
exchanges. Huntoon's previous two visits to the laboratory have 
acquainted him with the principal field relationships of concern to 
this study. Important for the project at hand is that accessing 
and using these data will not require a trip to France. 

Information on cave systems developed in unconfined aquifers 
is readily available through the Chinese Institute of Karst 
Geology, Academia Sinica, in Guilin. The importance of the China 
data base is that it represents the most areally extensive, most 
mature, and most accessible karst in the world. Unconfined 
phreatic karst systems in the south China karst belt, particularly 
those in Guizhou Province and the Guangxi Autonomous Region, offer 
superb examples of highly mature late Tertiary systems developed in 
Paleozoic and Mesozoic limestones and dolomites. Some of these 
systems are totally adjusted to regional hydraulic regimes thereby 
providing the desired time end members required in a study of this 
type. Huntoon has conducted research in the south China karst belt 
at the invitation of the Institute of Karst Geology on two 
occasions, respectively October 1988 and a three-month term in the 
fall of 1990. His professional association with Dr. Ru Jinwen 
assures the access and institutional cooperation that will be 
required to carry out the China field studies needed to satisfy the 
objectives of this proposal. 

One or two of the extensive, highly mature, unconfined 
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phreatic Chinese karst systems will be examined in order to relate 
conduit morphology to the circulation systems imposed by external 
geologic boundaries. The degree of development and quality of 
surface karst forms, including shafts, dolines and collapse 
structures, ensures an unprecedented opportunity to correlate 
surface morphology with conduit locations, thereby allowing for the 
development of exploration strategies that do not require testing 
using costly invasive drilling or even geophysical probing in order 
to be definitive. The necessary China work will involve one month 
of field work during the fall of 1992. 

Huntoon already possess excellent information on conduit 
organizations from confined phreatic karst systems in the western 
United States, including examples from Arizona, New Mexico and 
Wyoming. Therefore, field work dealing with these types of karsts 
will be modest in scope. 

OBJECTIVE 3. _Identification of syste ensitiv = 
independent variables. The most important work required to satisfy 
this objective will pay particular attention to conduit trends as 
a function of flow paths imposed by regional hydrodynamic boundary 
conditions. Items of concern include hydraulic base levels, 
lateral and vertical confining strata imposed by lithologic 
variability or structural juxtapositions, and distributions of 
sources for the water, either internal or external, to the 
karstified part of the total circulation systen. Next in 
importance is attention to conduit trends as they are influenced by 
internal structure within the karst systems, such as fracture 
density, faults, folds, lithology changes, etc., particularly as 
these fabrics obliquely crosscut the conduits. The findings from 
this important phase of the research will be used to refine, verify 
or discredit the quantitative models under consideration and the 
hydrodynamic classification schemes being developed. 

The importance of the China field work to this phase of the 
project cannot be overstated. The reason the China karst bears so 
importantly on this project is the fact that many unconfined 
phreatic karst systems within it are so completely adjusted to 
regional base levels. However, the geologic framework there is 
characterized by extreme structural heterogeneity. Thus, this 
karst is the ultimate testing ground for measuring the importance 
of various geologic variables. The carbonate strata in the south 
China karst belt is characterized by extreme structural deformation 
which includes both crustal shortening and superimposed extension. 
Shortening produced folding, thrust faulting, low~angle conjugate 
and imbricate shearing, and dolomitization of the country rock. 
Extension produced high-angle normal faults at many scales. Thus, 
field studies conducted within one or two systems allows one to 
observe the impacts on conduit trends arising from a host of 
physical geologic variables. The maturity of the systems ensures 
that the morphologies and conduit organizations examined will 
represent "ultimate" configurations which most nearly represent the 
steady state situation for the hydrodynamic environment at hand. 

Objectives 2 and 3 are inseparably linked, insights from one 
providing insights into the other in a feedback quest for 
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improvement in total understanding. Thus, these two objectives 
will be treated concurrently during the latter part of year 1 and 
the beginning of year 2. Recognize that each involves examination 
of the same field data, and insights leading to satisfaction of one 
objective constructively and simultaneously aids the other in a 
non-circular fashion. 


WORK SCHEDULE AND ALLOCATION OF PERSONNEL 


Year 1. Huntoon and one graduate student will take 
responsibility for developing quantitative system descriptions 
using equations 1, 2 and 3 as starting points. Under the guidance 
of Huntoon, the graduate student will construct a numerical model 
or models to test system sensitivity to variations in boundary 
conditions and geologic variability within the area of integration. 

Huntoon will supervise the assembly of a karst system data 
base that will be used to develop a workable system classification 
scheme, tentatively the three-part vadose, unconfined phreatic, 
and confined phreatic hydrodynamic systems described herein. 

Field work will begin by Huntoon and a graduate student on 
objectives 2 and 3, to distinguish between the morphologic 
characteristics of the various hydrodynamic classes, and to 
discriminate between the relative importances of variables on 
conduit organizations within each class. The primary field effort 
during year 1 will involve a one month visit to the south China 
karst by Huntoon and a graduate student in cooperation with Ru 
Jinwen of the Institute of Karst Geology. Data will also be 
obtained through an exchange with Bakalowicz and Mangin of the 
French Laboratoire Souterrain that does not involve travel. 
Investigations involving vadose and unconfined phreatic systems 
will be largely completed by Huntoon and the graduate student by 
the end of the first year. 

Year 2. Field investigations, primarily those focused on 
confined phreatic systems in the western United States, will be 
completed by Huntoon and a second student early in the second year. 
The remainder of that year will be devoted to preparation of 
publications summarizing the results of the project. 


INFORMATION DISSEMINATION PLAN 


This project will result in at least one, and probably two, MS 
theses. One of these could be upgraded to a Ph D dissertation. The 
products from this project include articles on theoretical 
principals suitable for publication in the Geological Society of 
America Bulletin and exploration procedures suitable for 
publication in the journal Ground Water, or comparable professional 
journals. 
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10! NORTH FIRST AVENUE 
eee uf PHOENIX, ARIZONA 85003-1973 
JAMES D. O'NE'L 

JAMES E. BROPHY Ill 

A. DANIEL SHEFFIELD, UR. 
MICHAEL J. BROPHY 
ABIGAIL CARSON BERGER 
CLARKE H. GREGER 
NORMAN D. JAMES 

JOHN J. FRIES 

RICHARD E. ONEY 

LINDA S. BATTS 

SUSAN M. MUKAI 

BRENDA MOODY WHINERY 
BARRY R. SANDERS 

JOHN C. LEMASTER 
DOUGLAS G. OTT 

JOHN A. HINK 

WILLIAM B. McMANUS 


TELEPHONE 602 / 258-7701 
TELECOPIER 602 / 257-9582 


November 5, 1991 


Mr. Bob Murphy 
Farmers Insurance 


21620 N. 
Phoenix, AZ 


Dear Bob: 


umbrella coverage we discussed today. 


19th Ave., Suite A7 


85027 


Re: Brophy Umbrella Policy 


BILTMORE OFFICE 


2525 EAST ARIZONA BILTMORE CIRCLE 
SUITE 140 
PHOENIX, ARIZONA 85016-2129 
TELEPHONE 602 / 957-1810 
TELECOPIER 602 / 957-8007 


SUN CITY OFFICE 


BELL PLAZA PROFESSIONAL BLOG. 
1045S! PALMERAS ORIVE 
SUITE L-20) 

SUN CITY, ARIZONA 85373-20!13 
TELEPHONE 602 / 933-0134 
TELECOPIER 602 / 977-8206 


Phoenix 


REPLY TO: 


Enclosed is my check in the amount of $165.00 for the 


policies have been paid. 


Enclosure 


LTR120JEBD-C 
CPP110591 


Please call me if you have any questions. 


Very truly yours, 


One f / / 
j dames E. Broph 


y i 


JAMES E. BROPHY, III 
SANDRA D. BROPHY 
OFFICE ACCOUNT 
929 W. KALER DR. 944-0563 
PHOENIX, AZ 85021 
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